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EXPLANATIONS OF FIGURE 39. 

STEAM ENGINE. 



For a fall description, see jWfe 325—333. 



A A The Boiler. 
B B Fire Place. 
X X Flues. 
C C Steam Pipe. 
D D Steam Box. 

Y Y The Piston which works in the Cylinder. 

£ Steam Pipe to convey Steam to force down the Piston. 

F Steam Pipe to convey Steam to force up the Piston* 

J(dU. See Fig. 40 (on next page) for an enlarged plan of the Steam 

Box, Cylinder, &c. 
G Pipe from Steam Box to the condenser. 
H H The Condenser. 

V and W Cranks to work the Valve II. See Fig. 40. 
X The Eccentric to work the cranks V and W. 

U Fly Wheel to equalize the motion of the machinery. 

L L Cistern of Cold Water to condense the steam. 

C Injection Cock to let cold water into the condenser. 

M M Air Pump communicating with the bottom of the condenser. 

N Small Cistern. 

Forcing Pump attached to cistern N. 

P d R S, represents a plan (with the exception of one pipe) connect- 
ed with the cistern N and the forcing pump O to ascertain the quan- 
tity of water in the boiler — ^R is a float always resting on the surface 
of the water in the boiler. 

T T The Lever or Working Beam. 

1 Piston Rod to work the Piston in the Cylinder. 

2 3 4 Rods to work' the Pumps. 

5 Rod to work the Main Shaft, Fly Wheel, and Eceentric. 

6 The Throttle Valve. 

a a b c d represents an apparatus connected with the Throttle Valve 
which regulates the quantity of steam which enters tlM eyliadep 
from the boiler ; it is called the Gavenwr, 

e f g h A system of Levers or Rods to cause the parallel motion of the 
> Piston Rod. 



Fig. 40. 

Bq^tiBiMiing fhe CyKnder and Ae Pipes connected wUh the 
' Steam Box upon an enlarged $cak, ^ 




D.D The Steam Box. 

ZJZ l*he Cylinder in which the Piiton movei. 

E.E Steam Pipe to convej Steam to force dQwn the Piston. 

F.F. Steam Pipe to convej Steam to force np the PisU^n. 

Y.T Piston fitted to work in the Cytinder. 

G Pipe firom Ste»m Box to Covdenser. 

I.I A HoUow Sliding Valve. 

€ Steam Pipe fh>m the Boiler. , 

6 Valve. ^ 



V 



CK. 



\ 



CONVERSATIONS 



ON 



CHEMISTRY; 

m WHICH THE 

ELEMENTS OF THAT SCIENCE 

ARE 

FAMILIARLY EXPLAINED, 

AND 

ILLUSTRATED BY EXPERIMENTS, 
AND 38 ENGRAVINGS ON WOOD. 



THX FIFTKIlfTa AMERICAN, rSOM THB LAST LONDON SDITION, WITH 
ADDITIONS. AND OOUtBCTXOIfS. 



TO WHICH ARE NOW ADDED, 

EXPLANATIONS OP THE TEXT — DIRECTIONS FOR SIMPLIFYING THE 

APPARATUS, AND A VOCABOLA&T OF TERMS — TOGETHER 

WITH A LIST OF INTERESTING EXPERIMENTS. 

BY J. L. COMSTOCK, M. D. 



TOOKTHKR WITH ▲ MIW AMD IXTBHSIVB 

SERIES OF QUESTIONS, 
BY REV. J. L. BLAKE, A. M. 



HARTFORD: 
BEACH AND BECKWITH. 

PROVIDENCE:, 
A. S. BECKWITH k, CO/ 

1835. 



» 



flAffVARO CULL£6£ LiaftAKY 

GIFT OF 

€EfMGE ARTHUR PLIMPTON 

JANUARY 25| 1924 



Btottfct of <a:ontiect{cut, »». 

BE IT REMEMBERED, That on tbe leeond day of Oetober, in 
L. 8. the fifty-fint year of tbe Independence of the United States of America, 
Oliver D. Cooke & Co. of the said District, have deposited in this office 
the title of a Book, the right whereof they claim as proprietors, in the words ft^- 
lowbig, to wit, " Conversations on Chemistry : in which the elements of that 
science are fomiliariy explained and illustrated by experiments, and thirty-eight 
engravings on wood. The tenth American from the eighth London edition, revised, 
corrected, and enlarged. To which are now added, explanations of the text, 
directions for 8implif;nn8 the apparatus, and a vocabulary of terms ; together with 
a list of interesting experiments. By J. L. Comstock, M. D. Together with a new 
and extensive Series of duestioas, by Rev. J. L. Blake, A. M.** In conformity to 
tbe act of the Congress of the United States, entitled, "An act for the encourage- 
ment of learning, by securing the copies of Maps, Charts and Books, to the authors 
and proprietors oc such copies, during the times therein mentioned." 

CHARLES A. IN6ERS0LL, 
Clerk of tbe District of Connecticut. 
A trae oopy of record, ezamihed and sealed by me, 

CHARLES A. INGERSOLL, 
Clerk of the District of Connecticut. 



ntMmrrewo vr tuouam o. wsllm mmo oo. 

BOBTOir. 







ADVERTISEMENT.' y. ^ 

OF THE AMERICAN EDITOR., ' y^LfA 
The familiar and agreeable 'manner in whicb the " GoBremtiona cm 
Chemistry '* are written* readera this one of the most popular treatises oa 
the aubject which has ever appeared. The ele^nt and easy style also, ia 
which the authoress has managed to ooavey scientific instruction is pecoKarly 
adbipCed to the object of the work. 

In some respects, however, the English edition may be considered as 
objectionable. A book designed for the instruction of youth, ought, if 
poesible, to contain none but established principles. 
Known and allowed &ctB are always of much higher 



theoretical opinions. To youth, particularly, by advancing as truths, doc- 
trines which have, arisen out of a theory not founded on demonstration, we 
run a chance of inculcating permanent error. 

In these respects we think that Mrs. Bryant bap not been sufficiently 
guarded. The orilliant discoveries of Sir Humphrey Davy, and his known 
eminence as a Chemica) Philosopher, seem in many mstanees ta have gi^en 
his opinions an authority, which, in the mind of the writer, superseded further 
investigation. Indeed, inferences are sometimes drawn from these opinions 
which tliey hardly warrant. Under this view of the subject, a part of the 
notes is designed to guard the pupil against adopting opinions which he will 
find either contradicted, or merely examined by most chemical writers. In 
addition to this, f have made such explanations of the teat as I thought would 
assist the pupil in understanding Mfhat he reads. 

In attempting to make this science popular, and of general utility, it is of 
great importance that the experiments come within the use of such instru- 
ments as are easily obtained. I have therefore ^iven such directions on this 
subject, as my former experience as a lecturer, with a small apparatus, taught 
me to believe wouM be of service. 

The list of experiments was chiefly made up without referring to books ^ 
some few of them, however, are copied from Parke, Aocum, &c. 

REMARKS BY THE REV. MR. BLAKE. 

The questions, in the present edition, are placed at the bottom of the sev- 
eral pages to which they relate. This plan has been adopted in tlie Boston 
edition of Conversations qu Natural Philosophy, and is become Very popular. 
The advantages of it are too obvious to escape observation, and, of course, 
to need being particularised. It will be seen that the questions are more 
numerous than they were in the two first impressions from this oopy. It 
may be supposed by persons not acquainted with teaching, that they are too 
numerous, as some of tliem are repeated in various forms, and others are 
seemingly unimportant. But it is (bund necessary that scholars should be 
eiamiiMd on every page, and upon nearly every paragraph, whether there is 
any tiling very important or not. No small portion of learners will pass 
o\-er without study, all in which they are not to be questioned. Hence what 
might be called a tysfeai of questions would be quite insuffieient. 









\ ^^ PREFACE. 



In venturing to offer to the public, and more particularly to the 
female Bex, an introduction to Chemistry, the author, herself a 
., wonian, conceives that some explanation may be inquired ; and she 
feels It the more necessary tp apologize for the present undertaking, 
as her knowledge of the subject is but recent, and as she can have 
no real claims to tiie title of chemist. , 

On attending for the first time experimental lectures, the author 
found it almost impossible to derive any clear or satisfactory infor- 
mation from the rapid demonstrations which are usually, and per- 
haps necessarily, crowded into popular courses of this kind. But 
frequent opportunities having afterwards occurred of conversing 
with a friend on the subject of chemistry, and of repeating a variety 
of experiments, A\e became better acquainted with the principles of 
that science, and began to feel highly interested in its pursuits. It 
was then that she perceived, in attending to the excellent lectures 
delivered at the Royal Institution, by the present professor of Cjie- 
mistry, the great advantage which her previous knowledge of the 
subject, slight as it was, gave her over others who had not enjoyed 
the same means of private instruction. Every fact or expeiiment 
attracted her attention, and served to explain sonr)e theory to which 
she was not a total stranger ; and she had the gratification to find 
that the numerous and elegant illustrations, for which that school 
is so much distinguished, seldom failed to produce on her mind the 
effect for which they were intended. ' ' 

Hence it was natural to infer, that familiar conversation was, in 
studies of this kind, a most useful auxiliary source of information j 
and more especially to the female sex, whose education is seldom 
calculated to prepare their minds for abstract ideas, or scientific 
language. 

As, however, there are but few women who have access to this 
mode of instruction ; and as the author w^s not acquainted with any 
book that could prove a substitute for it, she thought it might be 
useful for beginners, as well as satisfactory to herself, to trace the 
steps by which she had acquired her little stock of chemical know- 
ledge, and to record, in the form of dialogue, those ideas which she 
had first derived from conversation. 

But to do this with sufficient method, and to fix upon a mode of 
arrangement was an object of some difficulty. After much hesita- 
tion, and a degree of embarrassment, which, probably, the most 
competent chemical writers have often felt in common with the 
most superficial, a mode of division was adopted, which, though the 
most natural, does not always admit of being strictly pursued — it 
• is that of treating first the simplest bodies, and then gradually rising 
to the most intricate compounds. 

It is not the author's intention to enter into a minute vindication 
of this plan. But whatever may be its advantages or inconvenien- 
ces, the method adopted in this work is such, that a young pupil, 
who should only recur to It occasionally with a view to procure in- 
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tematkni on paitleular sabjecta, might ofUn find it obscure or iin- 
SBtisfiMstory ; tor its various ports are so connected with each other 
as to form an uninterrupted chain of ftcts and reasonings^ which 
will appear sufficiendy clear and consistent to those only who may 
have patience to go through the whole woric, or have previously 
devoted some attention to the subject 

It will, no doubt, be observed, that in the course of these Conver- 
sations, remarks are often introduced, which appear much too acute 
ibr the young pupils, by whom they are supposed to be made. Of 
this &ult the author is fully aware. But, in order to avoid it, it 
would have been necessary either to omit a variety of useful illus- 
trations, or to submit to such minute explanations and frequent 
repetitions, as would have rendered the worl^ tedious, and thei%ibrQ 
less suited to its intended purpose. 

In writing these pages the author was more than once checked in 
her progress, by the apprehension that such an attempt might be 
considered by some, either as unsuited to the ordinary pursuits of 
her sex, or ill-justijQed bv her own imperfect knowledge of the sub* 
jecL But, on the one hand, she felt encouraged by the establish- 
ment ofthose public institutions, open to both sexes, for the dissemi-^ 
nation of philosophical knowledge, which clearly prove that the 
general opinion no lonser excludes woman from an acquaintance 
with the elements of science ; and, on the other, she flattered her- 
self! that 'whilst the imnression made upon her mind, by the won- 
ders of Nature, studiea in this new point of view, were still fresh 
and strong, she might perhaps succeed the better in communicating 
to others the sentiments she herself experienced. 

The reader will perceive, in perusing this work, that he is sup- 
posed to have previously acquired some slight knowledge of Natu- 
ral Philosophy, a circumstance so desirable, that the author has, 
since the original publication of this work, been induced to offer to 
the public a small tract, entitled *' Conversations on Natural Phi 
losophy," in which the most essential rudiments of that science ara 
familiwrly explained. 
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CONVERSATION I. 

Oir THE GEJTEBAI. PRINCIPLES OF CHEMISTRY. 

Mrs. B. As you haye now acquired some elementary notions 
of Naturai< Philosophy, I am going to propose to you another 
branch of science, to which I am particularly anxious that you 
should devote a share of your attention. This is Cuemistrt, 
which' is so closely connected with /Natural Philosophyj/that the 
study of the one must be incomplete^thout some knowledge of 
the other ; for, it is obvious that we can derive but a very imperfect 
idea of bodies from the study of the general laws by which they are 
governed, if we remain totally ignorant of their intimate nature.^ 

Caroline, To confess the truth, Mrs. B., I am not disposed to 
form a very favorable idea of Chemistry,' nor do I expect to derive 
much entertainment from it. I prefer the sciences which exhibit 
nature on a grand scale, to those that are confined to the minutie 
of petty details. Can the studies which we have lately pursued, 
the. general properties of matter, or Ihe revolutions of the heavenly 
bodies, be compared to the mixing up of a few insignificant drugs ? 
I grant, however, there may be some entertaining experiments in 
Chemistry, and should not dislike to try some of them ; the distil- 
ling of lavender, for instance, or rose water.... 

Mrs, B, I rather imagine, my dear Caroline, that your want of 
taste for chemistry proceeds from the very limited idea you enter- 
tain of its object. lou confine the chemist's laboratory to the nar- 
row precincts of the apothecary's and perfumer's shops, whilst it is 
subservient to an immense variety of other useful purposes. Be- 
sides, my dear, chemistry is by no means confined to works of art. 
Nature also has her laboratory, which is the universe, and there she 
ia incessantly employed in chemical operations. You are surprised, 
Caroline ; but I assure you that the most wonderful and the most 

1. With what other studv is that of chemistry closely connected ? 

2. Why ifi the study ct Natural Philosophy incomplete without 
that of Chemistry ? 

3. What does Mrs. B. consider a chemical laboratory, in its most 
extended signification ? 

2* 
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interesting phenomenaxf nature, and almost all of them, produced 
by chemical powers. rWliat Bergman J in the introduction to his 
history of chemistry, luis said of this smence, will give you a more 
just and enlarged idea^ of it. The knowledge of nature may be divi- 
ded, he observes, into; three periods « .The first is that in which the 
attention of men is occupied in learning the external forms and 
characters of objects, and this is called Natural History r, Un the 
second, they consider the effect of bodies acting on each ouier by 
their mechanical power, as their weight and motion, and this con^ 
stitutes the science of Natural Philosophy, ^ The third period is 
that in* which the properties and mutual action of the elementary 
parts of bodies are mvesti^ated. This last is the science of Chem- 
isTBY, and I have no doubt you will soon agree with me in think- 
ing it the most interesting. 

You may easily conceive, therefore,. that without entering into 
the minute details of practical chemistry, a woman may obtain such 
a knowledge of the science as will not only throw an interest on 
the common occurrences of life, but will enlarge the sphere of her 
ideas, and render the contemplation of nature a source of delight- 
ful instruction. 

Caroline. If this is the case, I have certainly been much mista- 
ken in the notion I had formed of chemistry. ^ I own that I thought 
it was chiefly confined to the knowledge and preparation of medi- 
cines. ^ 

Mrs. B. That is only a branch of Chemistry which is called 
Pharmacy, and though the study of it is, no doubt, of great import- 
ance tq the world at l^ge, it belongs exclusively to professional 
men, and is therefore the last that I should advise you to pursue. 

linib/. But did not the chemists formerly employ themselves in 
search of the philosopher's stone, or the secret of making gold ? * 

• The Alchyinists had in view three great objects of discovery, 
viz. 1st. The Eliodr of health ; by the use of which the lives of men 
might be protracted to any desirable length, or their mortality pre- 
vented. 2d. The universal soloenty or a liquid which should dis- 
solve every other substance. This, it was supposed, would lead to 
the grand discovery. 3d. The making of ^old or finding the phi- 
losopher's stone. That men of sound and discriminating minds on 
other subjects should have spent their whole lives in pursuits so 
chimerical, is to us wonderful indeed. But our wonder ceases in 
some degree, when we are told that the doctrine of transmutation, 
&c. was found on a Theory, which, in the 12th century, was con- 
sidered as plausible as we consider many of ours at the present 
day, viz. fThat a perfect metal consisted of quicksilver and sulphur; . 

4. To what author does Mrs. B. allude in her introductory re- 
marks? 

5. Into how many periods does Bergman divide the knowledge of 
nature ? 

6. What is the first? 

7. What is the second ? 

8. What is the third ? 

9. What is that branch of chemistrv called Pharmacy ? 
10. HluU three great objects had the AlchynUsts m view f 
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Ii£r$, B. These were a particulaT set oflmisgfiiided phOosophere^ 
who dignified themselves with the name of Alchymists, to distinguish 
their pursuits from those of the common chemists, whose studies 
were confined to the knowledge of medicines. 

But since that period, chemistry has undergone so complete a 
revoiution, that, from an obscure and mysterious art, it is now be- 
come a regular and beautiful science, to which' aft is entirely sub- 
servient. It is true, however, that we are indebted to the Alchy- 
mists for many very useful discoveries, which sprung from their 
fruitless attempts to make ^old, and which, undoubtedly, have pro- 
ved of infinitely greater advantage to mankind than all their chi- 
merical pursuits. 

'^e modern chemists, instead of directing their ambition to the 
?ain attempt of producing any of the originu substances in nature, 
rather aim at analyzing and imitating her op^ations, and have 
sometimes succeeded in forming combmations, or efiectins: decom- 
positions, no instances of which occur in the chemistry of Nature. 
They have little reason to regret their inability to make gold, whilst 
by their innumerable inventions and discoveries, they have so great- 
ly stimulated industry and facilitated labor, as prodigiously to in- 
crease the luxuries as well as the necessaries of life. 

Emilj/. But I do not understand by what means chemistry can 
facilitate labor ; is not that rather the province of the mechanic ? 

Mrs. B. [There are many ways by which labor may be render- 
ed more easy, independently of mechanics ; but mechanical in- 
ventions themselves, oflen derive their utility from a chemical prin- 
ciple. Thus that most wonderful of all machines, 4he Steam Enr 
gine, could never have been invented without the assistance of 
chemistry. \ In agriculture, a chemical knowledge of the nature of 
soils, and of vegetation, is highly useful^ and in those arts which 
relate to the comforts and conveniences of life, it would be endless 
to enumerate the advantages which result from the study of this 
science. "^ 

Caroline. But pray, tell us more precisely in what manner the 
discoveries of chemists have proved beneficial to society ? 

these, when pure and united, formed gold. That all other metals 
contained a quantityof dross, which prevented the particles of these 
two substances from uniting. If, therefore, this dross could be got 
rid of in the other metals, sold would be the result. Theybelieved 
also, that nature herself favored this operation. Thus Friar Ro- 
ger Bacon, in his Mirror of Alchymy,, says, " I mast tell you that 
nature alwaies intendeth and striueth to the perfection of gold ; but 
many accidents coming between,-change the mettalls," &c. See 
his Book printed in 1597, chap. ii. — C. 

11. Who were formerly called Alchy mists? 

12. Why did they assume this name ? 

13. What is the object of modern chemistry ? 

14. Can chemistry afford any assistance in manual labor ? 

15. What are instances of it ? 

16. How is chemistry serviceable in agriculture ? 

17. What opinion is said in the note, to have prevailed in the 12c& 
tentury in reUUion to metals f ' 



16 eSRXftAZi F&IlfCKn.|B8. 

Mrs, B. That would be an injudicious antieipation ; for you 
would not comprehend the nature of such discoveries and useful ap- 
plicationflL as well as you wOl do hereafter. ^-Without a due regard 
to methooAwe cannot expect to make any progress in chemistry. 
I wish to lirect your observation chiefly to the chemical operar 
tions of Nature ; but those of art are certainly of too high impor- 
tance to pass unnoticed. We shall therefore allow them also some 
share of our attention. 

Emity. Well, then, let us now set to work regularly. I am very 
anxious to begin. 

Mrs, B, The object of chemistry is to obtain a knowledge of the 
intimate nature of bodi^, and their mutual action on each other. 
You find, therefore, CaroUne, that this is no narrow or confined 
science, which comprehends every thing material within our 
sphere. 

CaroUne, On, the contrary, it must be inexhaustible ; and I am 
at a loss to conceive how any proficiency can be made in a science 
whose objects are so numerous. 

Mrs, B, If every individual substance were formed of different 
materials, the study of chemistry would, indeed, be endless ; but 
you must observe that the various bodies in nature, |re composed 
of certain elementajy principles} which are not very numerous. 

Caroline, Yes ; I know tiiat all bodies are composed 6f fire, air, 
earth, and water f I learnt that many years ago. ^ 

Mrs, B, But you must now endeavor to forget it. I have al- 
ready informed you what a great change chemistry has undergone 
since it has become a regular science. Within these thirty years 
especially, it has expenenced an entire revolution, and it is now 
proved that neither\fire, air, earth, nor water, can be called elemen- 
tary bodies. For an elementary body^s one that has never been 
decomposed! that is to say, separated into other substances ; and 
fire, air, earth, and water, are all of them susceptible of decompo- 
sition. 

EmUy, I thought that decomposing a body was dividing it into 
its minutest parts. And if so, I do not understand why an elemen- 
tary substance is not capable of being, decomposed, as well as any 
other. 

Mrs, B, You have misconceived the idea of decomposition ; it is 
veiy diflferent from mere division. The ** latter Uimply reduces a 
body into parta but the formeii separates it into- the various ingre- 
dientsAor materials, of which u is composed, 'if we were to Uke 
a loafof bread and separate the several ingredients of which it is 
made, the flour, the yeast, the salt, and the water, it would be very 
different from cutting pr crumbling the loaf into pieces^ 

Emily, I understand you now very well. To decoidpose a body 

18. To what does Mrs. B. say it is necessary to pay regard in the 
study of chemistry ? 

19. Of what are the various bodies in nature composed ? 

20. Of what was it formerly thought they were composed ^ 

21. What is an elementary body P ^ 

22. What is the difference between division and decomposition ? 

23. What are instances of decomposition ? 
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is to separate from each other the yarious elementary snbstanoes 
of which it consists. 

Caroline. But flour, water, and other materials of bread, accord- 
ing to your definition, are not elementary substances. 

Mrs, B. No, my dear ; I mentioned bread rather as a familiar 
comtarison to illustrate the idea, than as an ^sample. 

Une ^ementary substances of which a body is composedWure 
caled the constituent parts of that body ; in decomposing it, tnere- 
fore, we separate its constituent parts, t If, on the contrary, we di- 
vide a body by chopping it to pieces, or even by grinding or pound- 
ing it to the finest powder, each of these small particles wUl still 
consist of a portion of the several constituent parts of the whole 
body : these are called the integrant parts \ do you unders^nd the 
difference ? ^ 

Emily. Yes, I think perfectly. We decompose a body into its 
constituent parts ; and divide it into integrant parts. 

Mrs. B. Exactly so. If, therefore, a body consists of only one 
kmd of substance, though it may be divided into its integrant parts, 
it is not possible to decompose it. Such bodies > are therefore call- 
ed simple or elementari/.'as they are the elements of which all other 
bodies are composed. ((Oompound bodies are such as consist of more 
than one of these elementary principles J 

Caroline. But do not fire, air, earth, and water, consist each of 
them, but of one kind of substance ? 

Mrs. B. No, my dear : they are every one of them susceptible 
of being separated into various simple bodies. Instead of four, 
chemistsr now reckon no less than fifty-seven elementary sub- 
stances. The existence of most of these is established by the 
clearest experiments ; but, in regard to a few of them, particularly 
the most subtle agents of nature j^A^o^, Ughty and e/ec^rici/y ,)there 
is yet much uncertainty, and I can onl^ jive you the opinion which 
seems most probably deduced from the latest discoveries. Aft«r I 
have ^ven you a list of the elementary bodies, classed according 
to' their properties, we shall proceed to examinejfach of them sepa- 
rately^ and then consider them in their combmations with each 
other. 

Except the more general agents of nature, heat, light and elec- 
tricity. It would seem thaK^he simple form of bodies is that of a 
metal.*! 

Caroline. You astonish me ! I thought the metals were only one 

• No actual disco^ry makes this probable. It is supposing that 
all the gases, ad oxygen, hydrogen, &c., as well as phosphorus, sul- 
phur, and carbon, and several other substances are in part com- 
posed of a metal, and yet not one among this number are known to 
have metallic bases. — ^C. 

24. What are the constituent parts of a body ? 

25. What are integrant parts of a body ? 

26. How m«y compound bodies be denned ? 

27. How many elementary substances are there ? 

28. Concerning which three of them is there much uncertainty ? 

29. How is it proposed to examine these elementary substances ? 
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class of mineraky and that there were besides, earths, stones, racks, 
acids, alkalies, vapors, fluids, and the whole of the animal and 
Teffetable kingdoms. 

Mrs, B, You haye made a tolerably good enumeration, though I 
fear not arranged in the most scientific order. All these bodies, 
however, it is now «trongly believed, maybe ultimately resolved 
into metallic substances.* Your surprise at this circumstance is 
not singular, as the decomposition of softie of them,'which has been 
but lately accomplished, has excited the wonder of the whole philo- 
sophical world. 

But to return to the Ust of simple bodies — ^these being usually 
found in combinatiou^th oxygen) I shall class them according to 
tiieir properties when so combmed. This will, I think, facilitate 
their future investigation. 

EmUy, PrayOvhat is oxygen t\ 

Mrs, B, A sunple body ; at Istst, one that is supposed to be so, 
as it has never been decomposed. It ief always found united with 
the negative electricityi It will be one of the first of the elementa- 
ry bodies, whose properties I shall explain to you, and, as you will 
soon perceive, it is one of the most important in nature ; but it 
would be irrelevant to enter upon this subject at present. We 
must now confine our attention to the enumeration and classifica- 
tion of the simple bodies in general. They may be arranged as 
follows : 

CLASS I. 

ComprehendxTig the imponderable agents ^ viz: 

HEAT OR CALO&IC, , 

LIGHT, 

ELXCTBICITY. 

CLASS n. 

Comprehending agents capable of unUing toUk inflammable 
bodies, and in mosl instances of effecting their combustion, 

OXTOEir, 
CHLOBINX, 
IODINE. f 

• Three of the alkalies only are known to have metallic bases. 

f A majority of the most learned Chemists, it is believed, have 
doubted whether Chlorine and Iodine were supporters of combus- 
tion, any farther than they contam oxygen. — C. 

90. With what are simple bodies usually found in combination ? 

31. With what are they always found united ? 

32. Which of the elementary substances are included in the first 
class? 

33. What one does the second class include ? 

34. WhatnumberoftheaUuUiesareknaumtoka»emeUUUcbase$f 



OF CHEinST&T. 



19 



CLASS HI. 

Camprehendir^ bodies capable of unUing vitk oxygen, and 
forming witn it various compounds. This class may be 
dinideS as follows: 

DIVISION 1. 

HTDRooxNy forming water. 

DIVISION 3. 

Bodies forming acids. 
NITROGEN, . . . forming nitric acid 



817L.PHT7R, 
PH08PH0RITB, 
CARBON, 
BORACIT7M, . 
FL.UORIUM, . 
VURIATIUJff, 



forming sulphuric acid. 
forming phosphoric add. 
forming carbonic acid. 
forming boracic acid. 
forming fluoric acid. 
forming muriatic acid. 



DIVISION 3. 

Metallic bodies forming alkalies. 
POTASSIUM, . . . farming potash. 
SODIUM, .... forming soda. 
AMMONIUM, . . forming ammonia. 
laTBiuM, . ... forming lithina.* 



Metallic 
CALCIUM, or 

MAONIUM, 
BARIUM, . . 
STRONTIUM, 
8ILICIUM, 
ALUMIUM, . 
YTTRIUM, 
GLUCIUM, 
ZIRCONIUM, . 
THORNIUM, . 



DIVISION 4. 

bodies forming earths. 

metal forming lime. 

forming magnesia. 

forming barytes. 

forming strontites. 

forming silex. 
, forming alumine. 
, forming yttria. 
, forming glucina. 
. forming zirconia.f 
. forming thorina.J 



* This fourth alkali was discovered by Mr. Arfiindson, a Swedish 
chemist, so recently as the year 1818. 

t Of all these earths three or four only haye as yet been distinct- 
ly decomposed. . 

1[.Thortna, a new earth discovered by Berzelius in 1816, in a 
mineral composed of fluoric acid and cerium. 

35. What one makes the first division of the third class ? 

36. What ones make the second division of the third class ? 

37. What ones make the third division of the third class? 
36. What ones make the fourth division of the third class .' 
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DIVISION 5. 

Metals, either naturatlv metallic^ or yielding their oxygen to 
carbon or to hUeat alone. 



BTJBDIYIBION 1. 


Malleable Metah. 


GOLD, 


COPPER, 


PLATINA, 


IRON, 


PALLADIUM, 


LEAD, 


SILVER,* 


NICKEL, 


MERCURY,t 


ZINC, 


Tiir, 


CADMIUM.| 


SITBDiy. 


3. 


Briitle MeiaU. 


ARSENIC, 


ANTIMONY, 


BISMUTH, 


MANGANESE, 


SELENIUM,^ 


URANIUM, 


TELLURIUM, 


COLUMBIUM or TANTALUM, 


COBALT, 


IRIDIUM, 


TUNGSTEN, 


OSMIUM, 


MOLYBDENUM, 


RHODIUM, 


TITANIUM, 


CERIUM.|| 


CHROME, 





* These first four metals have commonly been distinffuished by 
the appellation of ferf^ or tiobU metals, on account of their pos- 
sessing the characteristic properties of ductility, malleability, in- 
alterability, and ^eat specmc gravity, in an emment degree. 

f Mercury, in its liquid state, cannot, of course, be cSled a mal- 
leable metal. But when frozen, it possesses a considerable degree 
of malleability. 

\ A metal resembling tin ; which was discoveifed in 1819, in an 
ore of zinc, by Mr. Stromeyer. 

^ Selenium was discovered a few years ago by Berzelius, in the 
ferruginous pyrites of Fahlun, of Sweden. It has the metallic lus- 
tre, but it does not conduct electricity, and is but a bad conductor 
of caloric. It passes to 4he state of oxide and acid, so that it mig[ht 
perhaps more strictljr be classed with sulphur. It may be disun- 
guished by the smell of its vapor, which is that of horse radish. 

II These four or five metallic bodies are placed under this class for 
the sake of arrangement, though some of their properties have not 
been yet fully investigated. 

39. What ones make the first part of the fifth division in the third 
class? 

40. What ones make the second part of the fifth division in the sec- 
ond class P 

41. Why have gold, pUOma, paUodkm, and mlver bun cdUed petfeet 
ornoUemetalsf 
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Ckrohne, Oh, w^at a formidable list ! you will have moeh to do 
to explain it, Mrs. B. ; for I assure you it is perfectly unintelligible 
to me, and I think rather perple:(es than assists me. 

Mrs. B. Do not let that alarm you, my dear, I hope that hereaf- 
ter this classification will appear quite clear, and, so &r from per- 
plexing you, will assisi you in arranging your ideas. It would Be 
m Tain to attempt forming a division that would appear perfectly 
clear to a beginner ; for you may easily conceive that a chemiou % 
division being necessarily founded on properties with which you are 
ahnost wholly unacquainted, it is impossible that you should at once 
be able to understand its meaning or appreciate its utility. 

But, before we proceed further, it wm be necessary to ffive you 
some idea of chemical attraction, a power on which the vniole sei* 
ence depends. * 

^CSiemical Attraction, or the Attraction of Composition^ consists in 
the peculiar tendency which bodies of a different nature have to 
anite with each other .\ It is by this force that all the compositions, 
and decompositions a^e effected. 

Ermty.^ What is the difference between chemical attraction, and 
the attraction of cohesion or of aggregation, which you often men- 
tioned to us in former conversisitions ? 

Mrs, B^ The attraction of cohesion exists only between particles 
of the samjB nature^ whether simple or compound ; (thus it unites the 
particles of a piece of metal which is a simple substance, and like* 
wise the particles of a loaf of bread which is a compound. I The at- 
traction of compositi6n on the contrary, unites and maintains, in a 
state of combination, particle's of a dissimilar nature i^ it -is this pow- 
er that forms esuch of the compound particles of which bread con- 
sbts ; and it is by the attraction of cohesion that all these particles 
are connoted into a single mass! 

Ermly. The attraction of cohesion, then, is the power which unites 
the integrant particles of a body ; the attraction of composition that 
which combines the constituent particles. Is it not so ? 

Mrs, B. Precisely ; and observe that the attraction of eoh0si<fe 
unites particles of a similar nature,. without changing their original 
properties ; the result of such an union, therefore, is a body oi the 
same kind as the particles of«which it is formed ; whilst the attrac- 
tion of composition, by combining particles of a dissimilar nature, 
produces compound bodies, quite different from any of their constit- 
uents. If, for instance, I pour on the piece of copper, contained in 
this glass, some of this liquid (which is called nitnc acid,) for which 
it has a strong attraction,, every particle of the copper will conibine 
with a particle of acid,jand together they will form a new body, to- 
tally difierent from either the copper or the add* 

42. Why do the divisions in chemical science appear unmeaning to 
the young' student ? 

43. What is chemical attraction or the attraction of composition ? 

44. What is the difference between chemical attraction and the at^ 
tradition of cohesion ? 

45. What is the experiment mentioned as illustrating chenuisal at* 
tmetion .' 

46. What will be the result if copper and nitric add are pat to- 
fether; 



Do yon obsenre the internal commotion that already begins to 
take phoe ? It is produced by the combination of these two sub- 
stances,* and yet tne acid has, in this ca8e',fto overcome not only the 
resistance which the strong cohesion of the particles of copper op- 
poses to their combination with it, but also to oyercome the tireight 
of the copper, \which makes it sink to the bottom of the glass, and 
prevents the acid from having such free access to it ad it would if 
the metal were suspended in the liquid. 

Emiiy, The acid seems, however, to overcome both these obsta- 
cles without difficulty, and appears to be very rapidly dissolving the 
copper. \ 

'jdr«. B. By this means it reduces the copper into more minute 
parts than could possibly be done by any mecnanic^ power. But 
as the acid can act only/on the surface of the metal, dt will be some 
time before the union of these two bodies will be completed. 

You may, however, already see how totally different this com- 
pound is from either of its ingredients.'; It is neither colorless, like 
the add, nor hard, heavy, and yellow like the copper. ) K you tasted 
it, you would no longer perceive the sourness of the acid.' It has at 
present the appearance of a blue liquid ; but when ^e union is com- 
pleted, and the water with which the acid is diluted, is evaporated, 
the compound will assume the form of regular crystals of a fine 
blue color, and perfectly transparent.f Of these 1 can show ypu a 
specimen, as I have prepared some for that purpose. 

Caroline. How beautiful they are in color, form, and transpa- 
rency ! 

limb/, Notliing can be more striking than this example of chem- 
ical attrstction. 

Mrs. B. The terra attraction has been lately introduced into 
chemistry^as a substitute for the word affinity\io which some chem- 
ists have objected ^because it originated in me vague notion that 
chemical combinations depended upon a certain resemblance, or 
relationship, between particles that are disposed to unite\; and this 

• This hardly explains the process. A part of the oxygen of the 
nitric acid unites with the copper ; and in consequence of this loss , 
of oxygen, the nitric acid is converted into nitrous gas. It is the 
escape of this gas through the water as it is formed that occasions 
the commotion. — C. 

t These crystals are more easily obtained from a mixture of sul- 
phuric with a little nitric acid. J 

I These crystals are sulphat of coppery or what is commonly 
known under the name of blue vitriol. — C. 

47. What has the acid in this experiment to overcome ? 

48. On what part of a metal can the acid operate in this experi- 
ment ? 

49. What is the appearance of the compound substance thus formed 
of copper and nitric acid ? 

50. In the place of what term has chemical attraction been substi- 
tated.' 

51. What is said in the Tute to produce the eommdtian tDhm copper and 
miric add are put together f 

69. What was the objection to the term affinity f. 
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iks is not only imperfect but eironeoos, as it is generally particles 
of the most dissimilar nature, that have the greatest tendency to 
combine. 

Caroline, Besides there seems to be no advantage in using a va- 
riety of terms to express the same meaning ; on the contrary, it 
creates confusion ; and as we are well acquainted with the term 
Attraction in natural philosophy, we had better adopt it in chemis- 
try likewise. 

3fr5. B. If you have a clear idea of the meaning, I shall leave 
you at liberty to express it in the terms you prefer. For myself,. 
I confess that I think the word Attraction best suited to the gen- 
eral law that unites the integral particles of bodies ;^and A&iity 
better adapted to that which combines the constituent particles,jas 
it may convey aii idea of the preference which some bodies have 
for others, wnich the term attraction of composition does not so well 
exOTess. 

Ermty, So I think; for though that preference may not result 
from any relationship, or similitude, between the particles (as you 
say was once supposed,) yet as it really exists, it ought to be ex- 



Mrs. B. Well, let it be agreed that you may use the terms t^ni^ 
ty, chemical attraction, and attraction of compositum, indiflferently, 
provided you recollect that they have all the same meaning. 

EmUy, I do not conceive how bodies can be decomposed by 
chemical attraction. That this power should be the means of com- 
posmg them is very obvious ; but that it should at the same time, 
produce exactly the contrary effect, appears to me very singular. 

Mrs. B. To decompose a body is, you know, to separate its con- 
stituent parts, which, as we have just observed, cannot be done by 
mechanical means. / 

Emily. No ; because^mechanical meansj separate only the inte- 
grant particles ; they act merely against the attraction of cohesion, 
and only divide a compound into smaller parts. 

Mrs. B. The decomposition of a body (is, performed by chemical 
powers. J If you present to a body .composed of two principles, a 
third, wBich has a greater affinity for one of them than the two first 
have for each other, it will be decomposed, that is, its two principles 
^ be separated by means of the third body. Let us call two in- 
gredients, of which the body is composed, A arid B. If we present 
to it another ingredient C, which has a greater affinity for d than 
that which unites A and B, it necessarily follows that JB will quit A 
to combine with C. The new ingredient, tiierefore, has ejQfected a 
decomposition of the original body A B ; A, has been left alone, and 
a new conipound B, C, lias been formed. '' 

Emify. We might, I think, use the comparison of two friends, 
who were very happy in each other's society, till a third disunited 
them by the preference which one of them gave to the new comer. 

53. Why does Mrs. B. prefer the term affinity ? 
^' By what means can decomposition be eflected ? 

55. How can a compound body be decomposed ? 

56. What illustration is given of the manner of decomposing a 
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Mrs, B. Very well. I shall now show you ho\v^ this tdces place 
m chemistry. 

Let lis suppose that we wish to decompose the compound we hare 
just f^^rmed by the combination of the two ingredients, copper and 
nitric add ; fwe may do this by presenting to it a piece of iron J/or 
.lirhich the acidf^has a stronger attraction thanior copper Vthe add 
will, consequently, quit the copper to combine with the^iron, and 
the copper will be what the chemists call predpitated^thvit is to say, 
yf it will be thrown down in ite separate state, and re-appear in its 
X simple form'.\ 

In order to produce this effect, I shall dip the blade of this knife 
into the fluid, and when I take it out, you will observe that instead 
of beins: wetted with a bluish liquid,' like that contained in the glass, 
it will be covered with a thin coat of copper. 

Caroline. So it is really ! but then is it not the copper instead of 
the acid, that has combined with the iron blade ? ' 

Mr$,JB, No; you are deceived by appearances ;(' it is the acid 
which combines with the iron, and in so doing, deposites or precipi- 
tates the copper on the surface of jthe blstde.) 

Emih/, But cannot three or more substances combine together, 
without any of them being precipitated ? 

Mrs, B, (That is sometimes the case fjbut in general, the strong- 
er affinity destroyB the weaker ; and it seldom happens that the at- 
traction of several substances for each other is so equally balanced 
as to produce such complicated compounds.* 

Caroline, But pray, Mrs. B. what is the cause of the chemical 
attraction of bodies mr each other ? It appears to me more extraor- 
dinary or unnatural, if I may. use the expression, than the attrac- 
tion of cohesion, which unites particles of a similar nature. 

Mrs, B, (Chemical attraction may, like that of cohesion or grav- 
itation) be one of the powers inherent in matter, which, in our 
present state of knowledge, admits of no other satisfactory expla- 
nation than an immediate reference to a divine cause. Sir H. Da- 
Ty, however, whose important discoveries have opened, such im- 
proved views in chemistry, has suggested an hypothesis which may 

* Such compounds are quite numerous, f They are called tripk 
salts.' L^lum is one?\ It is composed of alunihie, potash and sulphu- 
ric acia. Tartar Emetic is another. It is composed, of tartaric 
acid, potash and antimony. — C. 

57. How can the substance formed of copper and nitric acid be de- 
composed? 
5b. Why will decomposition take place on the application of iron ? 

59. What is precijuitatipn ? 

60. If it is uie acid which combines with the iron, why is the iron 
eovered with a thin coat of copper in this experiment P 

61. Do more than two simple substances ever unite in forming the 
same compound ? 

62. What are sttchcompouTtds called f^ 
63.. What are instances of. them f 

64. What is one of the powers in addition to those mentioned by 
philosophers which may be considered as inherent in bodies .' 
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throw great lialit ii|xm that Bcience. He suppoees that there are 
(two kinds of electricityywith one or other of which' all bodies avp 
united. These we distrngaish by the names ofUtosUive and nega-^ 
tive electricity 1 those boSes are disposed to combine, which ym^ 
sess opposite 'Electricities, as they are brought together by the at- 
traction which those electricities have for each other. But, whether 
this hypothesis be altogether founded 09 truth or not, it is imposai? 
ble to question the great influence of electricity in chemical com- 
binations. 

Emity. So, that we may suppose that the two electricities, al- 
ways attract each other, and thus compel the bodies in which they 
exist to combine ? * 

Caroline, And may not this ako be the cause of the attraction of 



Mrs. B, No, foi; in particles of the same nature, the same elee- 
tricities must preyail, and it is only the different or opposite elec- 
tric fluids that attract each other. \ 

Caroline, These electricities se^m to me to be a kind of chem^ 
cal spirit which animates the particles of bodies, and draws them 
together. . 

Hmhf, If it is known, then, with which of the electricities bod- 
ies are united, it can be inferred which will, and which will not 
eombine together? 

Mrs. B, Certainly. — ^I should not omit to mention, that some 
doubts have been entertained/whether electricity be really a ma- 
terial a^ent, or whether it might not be a power inherent in bod- 
ies, similar to, or perhaps identical with attraction. 



C 



* There seems to be an objection to this theory as explained l|,ere. 
When two bodies, one in the positive, the other in the negative state 
of electricity, are presented to each other, a mutual attraction takes 
place, until they touch, or come within the striking distance, so 
that the electric fluid can pass &om the positive to the nejB^tiv^ 
body.\ When this is effected, they are said to be in» a state of equi- 
libni^, or in the same state of electricity, and consequently nei- 
ther attract nor repel each other. ^K, therefore, chemical' attrac- 
tion depends on the diflferent electrical states of the particles, we 
are still at a loss how to account for their adhesion even after they 
are united.^ The celebrated Kepler accounted for the affinity of 
particles |k7 supposing each to have its likings and its antipathies, 
and the power of choosin? accordingly .\ Tuis theory only wants 
our belief to make it satisfectory. — Cf. 

65. How mtny kinds of electricity are there, and what are they 
called? 

..^66. What does Mrs. B. think has a ^ great influence in effecting 
chemical combinations? * 

67. What is said of eledricitv in the notef 

68. What difficulty arises it we suppose chemical attraction to de- 
pend QDon the different states of the particles? 

69. How does Kepler account for the affinity of particles ? 

70. What doubts does Mrs. B. mention as having been entertained 
conoeming electricity ? 

3* 
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Emikf, But what, then, wotiU be the electjic spark which is ▼!»- 
ible, and most, therefbre, be really material ? 

Mrs, B. What we call the electric spark, may, Sir fi. Davy says, 
be(merely the heat and light) or fire produced by the cheradcal 
combinations with which thesor phenomena are always conneoted. 
We will not, however,' enter more ftdW on this important subject 
at present, but reserve the principal mcts which relate to it to a 
future (^nversation. 

Before we part, however, I must recommend you to fix in your 
memory the names of the simple bodies against our next interview. 



COITTERSATION 11. 

ON LIGHT AND HEAT, OR CAI*ORIC. 

Caroline, We have learned by heart the names of all the simple 
bodies which you have enumerated, and we are now ready to enter 
on the examination of each of them successively. You will begin, 
I suppose, with i.ioht ? 

Mrs, B, Respecting the nature of light we have little more than 
conjectures. It is considered by most philosophen^Us a real sub- 
stance immediately emanating from the sun^and from all luminous 
bodies, from which it is projected in right lines with prodigious ve- 
locity. Light, however, being' imponderable, it cannot be confined 
and'examined by itself: and therefore it is to the efifects it produ- 
ces on other bodies, rather than to its immediate nature, that we 
must direct our attention. aw 

The connexion between light and(neat^ very obvious; indeed, 
it is such, that it is extremely difiicult to e^famine the one inde- 
pendently of the other. 

.Emily, But is it possible to separate light from heat? I thought 
they were only dififerent degrees of the same thin? , fire. 

Mrs. B. I told you that fire was not now considered as a simple 
element. Whether light and heat be altogether different agents, or 
not, I cannot pretend to decide : but, in many cases, ligh^ay be 
separated from heat. ) The first discovery of this was made by a 
celebratedCSwedish chemist, Scheele.f Another very striking iUus- 
tration of the separation of heat and Hght was long after pointed 
out by Dr. HerscneU. This philosopher discovered that these two 
agents were emitted in the rays of the sun, and the heat was less 

71. If electricity is a power inherent in bodies, what would the 
electric spark be which is visible, and therefore must be really mate- 
rial? 

7S. What do most philosophers consider lieht? 

73. With what is light obviously connected ? 

74. Can lieht and heat be separated ? 

.75. Who first discovered that they are not insepanUy coniieetedf 
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refrangible tiian light ; for, in sepa^rating the different colored rays 
of lightj^by a pnsmJ (as we did some time affo,) he found that the 
greatest heat was l^jlyomd the spectrum, at a little distance firom the 
lied rays, which, you may recollect, are the least refrangible. 

Enufy. I should like to try the experiment, 

Mrs. B. It is by no means an eisy one ; the heat of a ray of light 
refracted by a prism, is so small, th%t it requires a very delicate ther- 
mometer to distinguish the difference of the degree of heat within 
and without the 'spectrum. For in this experiment, the heat is not 
totally separated from the light, each colored ray retaining a cer^ 
tain portion of it, though the greatest part is not sufficiently refrac- 
ted to iaU within the spectrum. 

Emih/, I suppose, then, ^at^hose colored rays which are the 
least refrangible retain the greatest quantity of heat? ) 

Mrs, B, They do so. 

Emikf. Though I no longer doubt that light and heat can be 
separated, Dr. Herschell's experiment does not appear to me to af- 
ford sufficient proof that they are essentially different ; for light which 
you call a simple body, may likewise be divided into the various 
colored rays. 

Mrs. B. No doubt there must be some difl^rence in the various 
colored ra3rs. Even their chemical powers are difierent. The 
bine rays for pstancei^have the greatest effect in separating oxy- 
gen from bodies,ks was found by Scheele ; and there exists also, 
as Dr. tVoUastoii has shown, rays more refrangible than the blue, 
which produce the same chemical effect, and, what is very remark- 
able, are invisible.* 

limhf. Do you- think it possible that heat may be merely a mod- 
ification of light ? 

Mrs. B. liiat is a supposition which, in the present state of nat- 
ural philosophy, can neither be positively affirmed nor denied. Let 
us, therefore, mstead of discussing the oretical points, be contented 
with examining what is known respecting the chemical effects of 
Urfit. 

VLi^ht is capable of entering into a kindb^^ansitory union with 
certam substances^ and this is what bids oSen called phospho- 
rescence. Bodiesthat are- possessed of this property ,. after being 
exposed to the sun's rays, appear luminous in the dark. V The shells 
of fish, the bones of land animals, marble, limestone ^ and a variety 
of combinations of earths, are more or less powerfully phosphores- 
cent. 



• The violet raysf have the power of imparting the magvMic vir- 

76. How can they be separated i 

77. Which of the colored rays refracted by a prism, retain the 
greatestquantity of heat? 

78. What effect have the blue rays on bodies? 

79. What power have the violet rays as mentioned in the noUf 

80. fn tehat does the process consist f • 

81. Is light capable of a union with other substances ? 
83. What is this union called ? 

83. With what substances does this unioa mostly take place, in the 
production of phosphorescence ? 
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Caroline, 1 remember being much surprised last summer with 
the phosphorescent appearance of softie pieces of rotten wood, which 
had just been dug out of the ground; they shone so bright that I 
at first supposed them to be glow-worms. \ , , 

JEhnily. And is not the jlight of a glow-worm of a phosphorescent 
nature?. 

Mrs,^, It is a very remarkable instance of phosphorescence in 
hving animals ; this property, however, is not exclusively possessed 
by the glow-worm. The(jnsect called the lanthorn-fly, which is 
peculiar to warm climates, emits light as it flies, producing in the 
dark a remarkably sparkling appearance.) But it is more common 
to see animal matter in a dead state posirossed of a phosphorescent 
quality ; searfish is often eminently so.* 

Ihuhf, I am rather surprised, Mrs. B., that you sHoi^d have said 
so much of the light emitted by phosphorescent bodies, without tak- 
ing any notice oi that which is produced by burning bodies. 

Mrs, B, The light emitted by the latter is so intimately connectr 
ed with the chemical history of combustion, that I must defer all 
explanation of it till we come to the examination of that process, 
which is one of l^e most interesting in chemical science. 

Emily, I have neajrd that the sea has sometimes had the appeal^ 
ance of being illuminated, and that the light is supposed to proceed 
from the spawn of fishes floating on its surface. 

Mrs. B. This light is probably owing to that or some other ani- 
mal matter. Sea water has been observed to become luminous 
from the substance of a fresh herring having been immersed in it; 
and certain insects of the Medusa kind, are known to produce simi- 
lar effects . ' ' 

But the strongest phosphorescence is producedjiby chemical com- 
positions prepared for the purposej^he most common of which con- 
sists of oyster-shells and sulphur^ and is known by the name of Gan- 
ton*s Phosphorus.f ^ 

tueto steel./ The/process consists in intercepting all the rays ex- 
cept this,Jand of tnrowing this, being first collected into a focus by 
a lens, oir the middle of a needle, and carrying it towards the extrem- 
ity. This is to be done many times, and always towards the same 
extremity. After a while the needle acquires polarity. — C. 

* The phosphorescence of dead animals ts owiug to the escape of 
phosphorus in the form of phosphoretted f^drogen,} This is set free 
from its combination with the substance of the animal/by the putre- 
factive fermentation.V-C. 

t To prepare this, mix three parts of oyster-shells calcined for an- 
hour and pulverized vtrith one part of sulphur. This is to be rammed 
into a crucible, which is to be kept at a red heat for one hour. On 

84. What remarkable instances of phosphorescence in living animals 
are mentioned ? . 

85. To what is the phosphorescence of dead antnuds owing f 

86. How is it freed from its combmation with the su&anee qf the 
miinuUf 

87. What is the strongest phosphorescence, or how is it produced? 

88. How is this subsUnue prepared f 



Light is an agent capable of producing yarions chemical chan^. 
fit is essential to the welfare both of the animal and vegetable kmg* 
doms I fin: men and plants grow pale and sickly if deprived of its 
salntuy influence. It is likewise remarkable for its property of de- 
stroying color, which renders it of great consequence m the pro- 
cess of bleaching. 

Emikf, Is it not singularlthat light Jwhich in studying oftics we 
were taught to consider as tne source and origin of colors, should 
have also the power of destroying them ? 

Caroline, It is a fact, however, which we every day experience ; 
you know it fades the colors of linens and silks. 

Emibf. Certainly. And I recollect that endive is made to grow 
white mstead of green, by being covered. up so as to exclude the 
light. But by what means does light produce these efkcts ? 

Mrs. B, This I c^umot attempt to explain to you until you have 
obtained a further knowledge of chemistry. As the chemical pp>- 
perties of light can be accounted for only in their reference to com- 
poand bodies, it would be useless to detain you any longer on this 
subject ; we may, therefore, pass on to the examination of heat, or 
caloric, with which we are somewhat better acquainted. 

Heat and Lioht may be always distinguishedf by the different 
sensations they produce^ Lig?U affects the sense of sight ; Caloric 
that of feeling ; the one produces Vision^ the other the sensation of 
Heat, 

Caloric is found to exist 'in a variety of forms or modifications, 
and I think it will be beat to odnsider it under the two following 
heads, viz: 

/ 1. F&SE OR RADIANT CALORIC. 
2. COMBIKSD CALORIC r 

The fir8t,(FRE]: or radiant cAiiORic, is also called heat of 
temperature; it comprehends all heat which is perceptible to 
the senses y and affects the thermometer J 

Emily. You mean such as the heat of^the sun, of fbfe, of candles, 
of stoves ; in short, of every thing that bums ? 

Mrs. B. And likewise of things that do not burn, as, for instance, 
the warmth of the body ; in a word, all heat that is sensible, what- 
ever may be its degree, or the source from which it is derived. 

Caroline. What, then, are the other modifications of calorid ? It 

exposing some of this to the sun's rays, it absorbs light, apd will 
shine in the dark, ffrhis shows that light can be separated &om 
heatA-O ^^ • 

89. What does this experiment prove f 

90. To what is light essential, and "what remarkable-property has it? 

91. What do optics teach us to consider the source and origin of 
colors ? 

^^^92. How may light and heat always be distinguished? 
93. Under wnat two heads is caloric considered? 
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must be a strange kind of heat that cannot be peroeiTed by our 
senses. 

Mrs, B, None of the modifications of caloric should properly be 
caUed heat ; for heat, strictly speaking^ the sensation produced by 
caloric, on animated bodies/ this wora, tlierefbre, in die accurate 
language of science, should be confined to express the sensation. 
But cuftom has adapted it likewise to inanimate matter, and we 
say, the heat of an oven, the heat of the sun, without any reference to 
the sensation which they are capable of exciting. 

It was ill order to avoid the confusion, which arose from thus con- 
founding the cause and efiect, that modem chemists adopted the 
new word caloric, to denote the principle which produces heati yet 
they do not always, in compliance with their own language', limit 
the word heat to the expression of the sensation, since they still fre* 
quently employ it in reference to the other modifications of caloric 
which axe quite independent of sensation.* ) 

Caroline, But you have not yet explained to us what these other 
modifications of caloric are. 

Mrs, B, Because you are not acquainted with the properties of 
free caloric, and you know that we have agreed to proceed with 
regularity^. 

One of the most remarkable propertiea of free caloric iqi its power 
of dUaiing bodies. / This .fluid is so extremely subtle, that it enten 
and pervades all bodies whatever, forces itseLf between their parti- 
cles, and not only separates them, but frequently diives them asun- 
der to a considerable distance from each other. It is thus that ca- 
loric dilates or expands a body so as to make it occupy a/ greater 
space than it did be^re. 

Bmahf, The effect it has on bodies, therefore, is directly contrary 
to that of themttraction of cohesion ; the one draws the particles to- 
gether, the otner drives them asunder. > 

Mrs, B, Precisely. There is a continual struggle between the 
( attraction of ag^egation, and the expansive power of caloric ; 
and from the action of these two opposite forces^ result all the va- 
rious forms of matter, or degrees of consistence, yi'rom the sohd to 
the liquid and aeriform state. ( And, accordingly, we find that most 
bodies are capable of passing from one of these forms to the other 

*4f I touch a body at a higher temperature than my hand, I im- 
mediately receive a quantity of caloric from it, and at the same in- 
stant feel the sensation called heat. • The caloric, then, is the cause 
of this sensation, and heat the effect of caloric passing into my 
hand.-^. ^__^ 

94. What is free or radiant caloric f 

95. What is heat, strictly speaking .' 

96. What is the difference between caloric and heat, as the temtf 
are used by chemists } 

97. What illustration of this if given in the note f 

98. What is one of the most remarkable properties of free caloric ? 

99. What two forces are in direct opposition to each other ? 

. 100. From what result all the various forms of matter, or degveet of 
consistence in bodies ? ^ 
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merely /Iq eonaeqnence of their receiTing diflennt quantities of 

caloric' 

CBoroUne, That is very curious ; but I think I understand the 
leason of it. 1 If a great quantity of caloriq is added to a solid body, 
it introduces itself between the particles in such a manner, as to 
OTeroome, in a considerable degree, the attraction of cohesion ; 
and the body, from a solid, is then converted into a fluid. , , 

Mrs, B. This is the case whenever a body is fused or melted ; but 
if you add caloric to a liquid, can you tell me what is the conse- 
quence ? 1 

Caroline, ,The caloric forces itself in greater abundance between' 
the particles of the fluid, and drives them to such a distance from 
each other, that their attraction of aggregation is wholly destroyed ; 
the liquid is then transformed into vapor. 

Mrs. B. Very well ; and this is precisely the case with boiling 
water, when it is converted into steam or vapor, and with all bodies 
that assume an aeriform state. 

EmUy, I do not well unde^tand the word aeriform. ^ 

Mrs. B. (Any elastic fluid whatever ; whether it be merely va- 
pour or permanent air, is called aeriform. 

But each of these various states, solid, liquid, and aeriform, ad- 
mit of different degrees of density, or con&istence, still arising 
(chiefly at least) from the different quantities of caloric the' bodies 
contain.; Solids are of various degrees of density, from that of gold, 
to that of a thin jelly. Liquids, from^ the consistence of melted 
glue, or melted met^, to that of ether,' which is the lightest of all 
liquids. The different el^tic fluids (with which you are not yet 
acquainted) [are susceptible of no less variety in their degrees of 



Emily. But does not every individual body also admit of different 
degrees of consistence without changing its state ? 

Mrs, B. { Undoubtedly ; land this I can immediately show you by 
a very simple experiment. - This piece of iron now exactly fits the 
frame, or nng, made to receive if; but if heated red hot, it will no 
longer do so, for its dimensions will be so much increased by the 
caloric that has penetrated into it, that it will be much too large for 
the frame. 

The iron is now red hot : by applying it to the frame, we shall 
see how much it is dilated. 

EmUy. Considerably so indeed! I knew that heat had this 
effect on bodies, but did not imagine that it could be made so con- 
spicuous. 

101. What caugee bodies to pass from one of these forms to the other •' 

102. How would you explain the manner in whicif a solid is con- 
^«rted into a liqaid ? 

103. If we and caloric to a liquid, what is the consequence ? 

104. What is meant by the word aeriform .' 

105. From what do the difierent degrees of density or consistenee 

106. Which is the Ufhtest of all liouids > - 

iaI* ^^ ^® elastic fluids susceptible of various degrees of density ? 
106. Do bodies admit of difierent degrees of oonsistenoe without . 
*«Bgi&gtheif stale? 
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Mrs. B, By means of this instrument (called a Pyrometer) we 

may estimate, m the most exact manner, the various dilatations of 

any solid body by heatiw The body we. are now going to submit to 

trial is this small iron bar ; I fix it to this apparatus, and then 

Fig. 1. * ( Pyrometer, f 




A A, Bar of metal. 1€ 3, LamiM barning. B B, Wheel work. C, Index. 

» 
heat it by lighting the three lamps beneath it ; wh'en the bar ex- 
pands, it increases in length as well as thickness ; and, as one end 
communicates with this wheel work, whilst the other end is fixed 
and immoveable, no sooner does it begin to dilate, than it presses 
against the wheel work, and sets in motion the index, ^hich points 
out the degrees of dilatation on the dial plate. 

EmiJy. This is, indeed, a very curious instrument ; but I do not 
understand the use of the wheels ; would it not be more simple, 
and answer the purpose equally well, if the bar in dilating, pressed 
against the index, and put it m motion without the intervention of 
the wheels ? 

- Mrs. B. The use of the wheels isvnaerely to multiply the motion, 
and therefore render the effect of the caloric more obvious ; for if 
the index moved no more than the bar increased in length, its mo- 
tion would scarcely be perceptible ; but by means of the wheels, it 
moves in a much greater proportion, which therefore renders the 
variations far more conspicuous. 

By submitting different bodies to the test of the pyrometer, it is 
found that they arlfc fe from dilating in the same proportionVv Dif- 
ferent metals expand in diferent degrees, and other Kinds of solid 
^ bodies vary still mofe in this respect. But this different suscep- 
tibility of dilatation is still more remarkable, in fluids|than in sohd 
bodies as I shall show you. I have here two glass tubes, terminated 
at one end by large bulbs. We shall fill the bulbs, the one with 

109. What experiment proves that they do ? 

110. What is the use of the Pyrometer? 

111. How would you explain fi^re 1 ? 

112. What is the use of wheels m this instrument? 

113. Does caloric expand all bodies in the same decree ? 

114. Which are most susceptible of dilatation, fluias or solids ? 
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^ ^ Ti^f\^^ SJ^®'' "^^^ '^**^^- I ^^^e <5oJored toth liquids, 
m order that the effect may be more conspicuous. The sp&t of 
wine, yon see, dilates by the warmth of my hand as I hold the bulb • 
^fnuy It certainly does, for I see it is rising into the tube. But 
water, it seems, is not £o easily affected bv heat ; for scarcely any 
change is produced on it by the warmth of the hand. ^ 

Mrs. B. True; we shall now plunge 
the bulbs into hot water, and you will see 
both hquids rise m the tube ; but the spir- 
it of wine will ascend hig^hest. 

Caroline, How rapidly it expands < 
Now It has nearly reached the tube, 
though the water has hardly begun to 
nse. 

Emibf, The water now begins to dilate. 
Are not these glass tubes, with liquids 
nsmg within them, very like thermome- 
ters. 

Mrs. B. A thermometer is constructed 
exactly on the same principle, and these 
/ tubes require only a scale to answer the 
> purpose of thermometers ; but they wouW 
be rather awkward in their dimensions. — 
The tubes and bulbs of thermometers, 
though of various- sizes, are in general 
^ much smaller than these : the tube too, is 
Jhermeticalhrf closed, and the air excluded 
A A GiMs Bulbs. B B Gias ^^^ ^' ^^^ ^^^^ generally used m 

•w of water in which ihey are *"®""°™®*®™> is! mercury; commonly call-' 
immened. ed (quicksilver, the dilatations and con- 

tractions of which correspond more exapt* 
ly to the additions and subtractions of cj^- 
lone, than those of any other fluid. 

Caroline. Yet I have often seen colored spirit of wine used in 
thermometers. 

Mrs, B. The expansions and contractions of that liquid fere not 
quite so tiniformjas those of mercury ; but in cases in which it is 

* In the absence of the glasg tubes terminated by bulbs, procure a 
pwr of tin canisters, three inches high and two' wide, doldered up. 
aD round. In the middle of the top of each, have inserted a circck 
lar tin spont, and into these cement glass tubes about' twelve inches 
high. These will answer every purpose.— O. 

t The tube is closed hy holding the end over a spirit lamp until 
the glass' is melted. This word is derived fromi Hermes^ the Greek 
name for mercury. He is said to have been the inventor of chem- ' 
|8try ; hence this is sometimes called the Hermetic orif, and hermei- 
ically, or chemically closed, is closed by heat or melting. — Q. 

115. What is the object of figure 2} 

116. What fluid is generally used in thermometers i . 

117. ^pw do the expansions and sabtractioiis of the Bpuriis olT wins 
cwnpate with those of mercury ? 

• 4 
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not requisite to ascertaifi the temperature with great precision, 
ipirit of wine will answer the purpose equally well, and indeed in 
. some respects better, as the expansion of the latter is ^eater, and 
therefore more conspicuous. This fluid is used likewise m siUtatnns 
and experiments in which mercury would be firozen i for mercury 
becomes a solid body, like a piece of lead or atiy oCher noetal, at 
a certain degree of cold ; but no degree of cold has e^er been 
known to freeze spirit of wine.* 

A thermometer, therefcnre, consists of a tube with a bulb, such as 
you see here, containih? a fluid whose decrees of dilatation and 
conti^tion are indicated by a scale to which the tube is fixed. — 
The degree which indicates the boiling point simply means that 
when the fluid is sufliciently dilated to nse to this point, the heat is 
such that water exposed to the same temperature will boil. When 
on the other hand, the fluid is so much condensed as to sink to the 
freezing point, we know that water will freeze at that temperature. 
The extreme points of the ;9cales are not the same in all thermome- 
ters, nor are the degrees always divided in the same manner. In 
different countries philosophers have chosen to adopt different scales 
and divisions. The two thermometers most used are those of Fah- 
renheit, ana^ReaumujfK; the first is generally preferred by the Eng- 
lish, the latter ity the rVench. 

Emily, The variety of scale must be very inconyenient, and I 
should think liable to occasion confusion when French and Eng- 
lish experiments are compared. 

Afrs. B. The inconvenience is but very trifling, because the dif- 
ferent gradations of the scales v do not aiSect the principle upon 
Which thermometers are constructed. When we know, for in- 
. stance, that Fahrenheit's scale is divided into 213 degrees, vu which 
32° corresponds with the freezing pcnnt, and 212° with the point of 
boiling water ; and that Reaumur's is divided only into 80 degrees, 
in wluch 0^ denotes the freezing point, and 80° that of lx»iling 
water, it is easy to compare the two scales together, and reduce 
the one / into the other. But, for ^eater convenience, thermome- 
ters are sometimes constructed with both these scales ; one on 
either side of the tube ; so that the correspondence of the difierent 
degrees of the two scales is thus instant^ seen.. Here is one of 
these scales, (Fig. 3, see next page,) by which you can at once per- 
ceive that each degree of Reaumur^s corresponds to 2 1-4 of Fah- 
renheit's division. But I believe the Frencn have, of late, given 
the pseference to what they call the centigrade scale, in which the 
space between the freezing and the boiling point is divided into 100 
degrees. 

* Spirit of wine is stated to have been frozen in England by soma 
process which the author has preferred to keep secret.— C. 

When is spirit of wine used ? 

118. How would you describe a thermometer P 

119. What two thermometem are mostly used? 
'' 190. How are they graduated ? 

121. What is the temperature of boiling water .' 
I VBL T6 what scale have the French been said to ha'»vpre&nllot^ 
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_.^^- 3- Caroline, That seems to me 

Ihermometer. the most reasonable division, 

y'^^^^^^'^ ^T"^ I caimot guess why the free»- 

( IT \ advantage is derived from it. 

Mrs, B. There really is no 
Foj/i?!^^ iiJvaiitage in it; and it ^'originat- 
]}Qint ed in a mistaken opinion of the 
iiit^trument-maker,, Fahrenheit, 
who first constructed these ther- 
mometers. He mixed snow and 
sail together, and produced by 
that means a degree of cola / 
which he concluded was the great- 
eHt possible, and therefore mad^ 
his scale begin from that point. 
Beiween that and boiling water 
he made 212 degrees, and the 
ireezing point was found to be at 

^ Emily, Are spirit of wine, and 

mercury, the only liquids used 
in the constn^ction of thermome- 
li^r^ ? 

Mrs, B, I believe they are the 
<mly liquids now in use, though 
some others, such as linseed oil, 
wcjuld make tolerable thermom- 
eiETS ; but for 'experiments in 
which a very quick and delicate 
I cat of the changes of tempera- 
tun.^ is required, air is the fluid 
sfPinetimes employed. The bulb 
of nir thermometers is filled with 
common air only, and its expan- 
sion and contraction are indica- 
ted by a small drop of any col- 
ored liquor, which is suspended 
Freezins^^^lxhin the tube, and oioves u^ 

poini and down, according as the air 
wiiliin the bulb and tube expandi 
OT contraets. But in general, 
air thermometers, however sen- 
sible to changes of temperature, 
are by no means accurate in their 
indications. 
1 can liovcver, show you an air thermometer of a very peculiar 
construction, which is remarkably well adapted for some chemical 

123. Why was the freezing point in Fahrenheit's tkerfuometer &K 
ed at 32 degrees ? 
121. How are thermometers oonstracted ? 
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Fig. 4. 

Differential Ther- 

mcmetert 



^xperimeBts, as it is equally delicate and aocuraie in its indicia* 
tions.* 

Caroline. It looks like a double thermom- 
eter reversed, the tube being bent, and hav- 
ing a large bulb at each of its extremities, 
^--v ^>w Emili/. Why do you call it an air thennom- 

f A ) ( -^ ) 6ter ; the tu^e contains a colored liquid ?. 

\ff^ ^ \ff Mrs. B. But observe that the bulbs are 
filled with air, the liquid being confined to a 
portion of the tube, and answering only the 
purpose of showing, by its motion in the tube, 
the comparative dilatation or contraction of 
the air within the bulbs, which afford an in- 
dication of their relative temperature. Thus 
if you heat the bulb A, by the warmth of your 
hand, the fluid will rise towards the bulb B, 
and the contrary will happen if you reverse the 
experiment. 

But if on the contrary, both tubes are of the 
same tempisrature, as is the case now, the col- 
ored liquid, suffering an equal pressure on each 
side, no chanffe of level takes place. 

Caroline. This instrument appears, indeed, 
uncommonly delicate. The fluid is set in mo* 
tion by the mere approach of my hand, 
V MfS' B. You must observe, however, that 
■J this thermometer cannot indicate the tem- 
perature of any particular body,Vor of the 
tnedium in which it is immersed ; it serves only to point Out the dif-* 
ference of temperature between the two bulbs, wheii placed under 
oifferent circumstances. For this reason it has been called differ* 
ential thermometer. You will see hereafter to what particular pur?- 
poses this instrument applies. .^ ■ 

Emily. But do common thermometers indicate the exact quan- 
tity of caloric contained either in the atmosphere, or in any body 
with which'they are in contact ? f 

* Students in chemistry may amuSe themselves with air ther^ 
inometers of their own construction. Procure a flat vial or ink- 
stand with a wide mouth ; also, a broken thermometer tube, the 
bulb being entire. Fit a cork air tight to the. vial, and pierce it 
in the micWle with a hot iron to admit the tube. Fill the vial about 
half full of some colored liquid. Warm the bulb of the tube by 
holding it in the hand, and in this state introduce the small end 
through the cork nearly to the bdttom of the vial. The hand be- 
ing removed from the bulb, the fluid will rise in the tube. The flu- 
id will afterwards rise or fall as heat is applied to the vial or bulb. 
— C. 

\ The thermometer indicates the exact quantity of freo caloric^ 

195. IVkat is said of air thermometers in the note f 
12fi. Which figure repr^^sentd an air thermometer ? 
127. Why has the air thermdmeter been called the diffeiential ther- 
mometer i* 
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Mrs. B. No ; first because there are other modifieattons of ca- 
loric which do not affect Uie thermometer ; and, secondly, becauoe 
the temperature of a body, as indicated by the ^ermometer^ is oor 
iy relative. When, for instance, the thermometer remains st»> 
tionary at the freezing point, we know that the atmosphere, (or 
medium in which it is placed, whatever it may be) is as cold ap 
freezing water; and when it stands at the boiling point, we knoW' 
that this medium is as hot as boiling water ; but we do not know 
the positive quantity of heat contained either in freezing or boiling 
water, any more than we know the real extremes of heat and cofd; 
and consequently we cannot determine that of the body in wluoh 
the thermometer is placed. '^ 

CaroHne. I dp not quite understand this explanation. 

Mrs. B. Let us compare a thermometer to a well, in which the 
water rises to di^rent heights, according as it is more or less su^ 
plied by the spring which feeds it ; if the depth of the well is un- 
fathomable, it must be impossible to know the absolute quantity of 
water it contains ; yet we can with the greatest accuracy measure 
the number of feet the water has risen or l^en in the well at anj 
time, and consequently know the precise quantity of its increase 
or diminution, without having the least knowledge of the whoie 
quantity of water it conlains.* 

Caroune. Now I comprehend it very well; nothing appears lo 
me to explain a thing so dear as a comparison. 

Eniihf, But will thermometers bear any degree of heat? 

Mrs. B. No ; for if the temperature were much above the high- 
est degree marked on the scale of the thermometer, the meros- 
ry woiud burst the tube in an attempt to ascends And at any rate, 
no thermometers (^m be applied to temperatures Kigher than the 
boiling point of the liquid used in its construction^ for .the steam, 
on the hquid beginning to boil, would burst the tnbe.! In fumao 
oes, or whenever any very high temperatuxe is to be measured, a 

present at the time and place of the experiment. Thus if a oet- 
tain quantity of heat is required to raise the mercury 2(P, double 
this quantity will raise it to 40°. All bodies contain a quantity of 
heat not appredable by the thermometer, or vendible lo the touch. 
This is called fiaoed or kUeni heat. This can sometimes b^ set firee, 
as when we haaaomej a piece of cold iron it becomes hot. Thus 
the latent caloric is squeezed out of the iron by the contraction of 
its pores under the haimnef , and it theja becomes Jfree caloric. — G. 

* This passage n^ay be ezpeunded as follows. The unfathoma- 
)Ae depth (tf the weU signifies the absolute quantity of caloric, and 
which the thermometer does not measure; because aU bodiee 

128. Do common thermometem indicate the exact quantitv of ea^ 
loric contained either in the atmosphere, or in any bod/^ with which 
they come in contaet ? r . 

l^. Why do they not. ^ 

laO. What comparison is made between a well and a thermometer? 

131. Why might sot thermometers be applied to temperatures higl^ 
«r than the boiling point of the liquid used in their jponstruotion ? 

4» 
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pjrometer, invented by Wedgwood, is used for that porpofle. It 
18 made of a certain composition of baked clay, which has the pe- 
culiar property of contracting' by heat, so that the degree of con- 
traction of this substance indicates the temperature to which it has 
been exposed. ^ 

Emihf. But is it possible for ^. body to contract by heat? I 
thought that heat dUated all bodies whatever. 
' Mrs, B, This is not an exception to the rale. You must recol- 
' lect that the bulk of the clay is not compared, whilst hot, with that 
which it has when cold ; but it is from the change which the clay 
has undergone by having been heated, that the mdications of this 
instimment are derived. This change consists in a beginning fu- 
' ^ion, which tends to unite the particles of clay more closely, thus 
rendering it less pervious or spongy.* 

Clay is to be considered as a spongy body, abounding in inters 
fltices or pores, from its having contained water when soft. These 
interstices are by heat lessened, and would by extreme heat be en- 
tirely obliterated. 

Oaroline. And how do you ascertain the degrees of contraction 
of Wedgwood's pyrometer? 

Mrs, B, The cUmensions of a piece of clay are measured by a 
scale graduated on the side of a tapered groove, formed in a brass 
ruler ; the more the clay is contracted by the heat, the further it 
wUl descend into the narrow part of the tube. 

Before we quit the subject of expansion, I must observe to jovl, 
that, as fluids expand more readily than solids, so elastic fluids, 
whether air or vapor, are the most expansible of all bodies. 

It may appear extraordinary, that ail elastic fluids whatever, un- 
dergo the same degree of expansion from equal augmentation of 
temperature. 

JEmUy, I suppose, then, that all elastic fluids are of the same den- 
sity. . • ^ 

Mrs, B, Very far from it ;' they vary in density, more than ei- 
ther liquids or solids. The uniformity of their expansibility, which 
at first may am>ear singular, is, however, readily accounted for. — 
. For if the difrerent susceptibilities of expansion of bgdies arise 
from their various degrees of attraction of^ cohesion, \no ^uch dif- 

liowever cold, still contain caloric. Thus mercury freesses at iff* 
below ^ero, but still contains caloric, and so on. The rising and 
falling of the water signifies the greater or less quantity of free car 
loric as indicated by the thermometer.— C. 

* According to the csUculations of Saussure, the temperature 
necessary to vfielt this clay is 1575^ Wedgwood, which is a degree 
of heat greatly beyond our common furnaces. It is therefore most 
jprobable that the clay contracts at lower, temperatures by the loss 
i)f moisture. — C. 

132. Dq all bodieSf kowevfir eoldf eantain calorie f ^ ' 

133. In what manner is it that dajr appears to contract by heat ? 

134. What bodies are most expansible ? 

135. Are all elastic fluids equally expanded from equal aagiiieiita» 
lions of temperature ? 

136. Are all elastic fluids of the aanie density f 



ference can be expected in elastic fluids, since in these the attrao* 
tion of cohesion does not exist, their particles being on the contra- 
ry possessed of an elastic or repulsive power ; they will therefore 
all oe equally expanded by equal degrees of caloric. 

EmilV' True: as there is no power exposed to the expansiTS 
force of caloric in elastic bodies, its effect must be the same in all 
of them. 

Mrs. B, Let us now proceed to examine the other properties of 
fi«e caloric. 

Free caloric always tends tofdififuse itself equally;^ that is to say, 
when two bodies are of differefnt temperatures, the warmer gradu^ 
ally parts with its heat to the colder, till they are both bronght to 
the same temperature. Thus, when a thermometer^is applied to a 
hot body, it receives caloric ; when to a cold one, it conmiunicates 
part of its ownjbalorie, and this, communication continues until the 
thermometer and the body arrive at the same temperature. 

Emily. Cold, then, is nothiogr^bui a negative quality, simply isxh 
plying the absence of heat, 

Mrs. B. Not the total absence, but st diminution of heaty for we 
know of no body in which some caloricinay not be discovered. 

OaroHne. But when I lay my hand on this marble table, I feel 
it positively cold, and cannot conceive that there is any caloric in 

Mrs. B. yfhe cold jou experience consists in the loss of calorie 
that your hand sustains) in an attempt to bring its temperature to 
an equilibrium with the marble. If you lay a piece of ice upon it, 
you will find that a contrary efiect will take place ; this ice will be 
melted by the heat it abstracts from the marble. 

CktroltTie, Is it not in this case the air of the roon^, which being 
warmer than the marble, melts the ice ? 

Mrs. B, The air certainly acts on the sur&ce which is exposed 
to it, but ;the table melts that pdrt with which it is in contact. 

Caroline. But why does caloric tend to an equilibrium •' pt can* 
not be on the same principle as other fluids, since it has no weight?! 

Mrs. B. Very true, Caroline, that is an excellen]t objection. 
Tou might also, with some propriety, object to the term equilibria 
tan being applied to a body that is without weight ; but I know of 
no expression that would explain my meaning so well. You must 
coDsidei it, however, in a figurative rather than a literal sense; its 
strict meaning is an eqiud diffusion. We cannot, indeed, well say 
by what power it difiuses itself equally, though it is not surprising 
that it should go from the parts which have the most to those which 
have the least. The subject is best explained by a theory suggest- 

137. How then can their uniformity of expansibility be accounted 
for? 

138. How does caloric tend to diffuse itself.' 

139. How is this illustrated by a thermosaeter } 

140. What is cold? 

141. Do we know of any substance in which some caloric may not 
be found f 

142. Why do some bodies feel cold if we lay our hand upon them ? 

^ 143. What objection is there to the term equilibrium, when speak* . 
iag of (he equal diffusion of caloric .' 
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«d by ProfesBor Prerost of Greneya, which is now, I believe, gen- 
erally adopted. , 

According to this the)9ry, (caloric is composed of particles pe^ 
fectly separate from each other, every one of which movers with a 
rapid velocity in a certain direction.) These directions vary as much 
as imagination can conceive, the ifesult of which is, that there are 
rays or lines of these particles moving with immense velocity in 
every possible direction. Caloric is thus universally diffused, so 
that when any portion of space happens to be in the neighborhood 
of another, which contains more caloric, the colder portion re- 
ceives a quantity of calorific rays from the latter, sufficient to re- 
store ftn equilibrium of temperature. This radiation does not only 
take place in free space, but extends also to bodies of every kind.* 
Thus you may suppose all bodies whatever, constantly radiating car 
loric ; those that are of the same temperature give out and a&rb 
equal quantities, so that no variation of temperature is produced in 
them ;i^Mlii when one body contains more free caloric than anoth- 
er j^ the exchange is always in favour of the colder body, until an 
equilibrium is effectedji this you find to be the case when the ma^ 
ble table cooled your hand, and again when it melted the ice. 

Caroline. This reciprocal radiation surprises me extremely. I 
thought, from what you first said, that the hotter bodies alone emit^ 
ted rays of caloric which were absorbed by the colder ; for it seems 
unnatural that a hot body should receive any caloric from a cold 
one, even though it should return a great quantity. 

Mrs, B. It may at first appear so, but it is no more extraordina- 
ry than that~a candle should send forth rays of light to the sun, 
which, you know, must necessarily happen. 1 

Caroline. Well, Mrs. B., I believe that I liiust give up the point 
But I wish I could see these rays of caloric ; I should then have 
greater faith in them. 

Mrs. B. Will you give no credit to any sense but that of sight? 
You may feel the rays of caloric which you receive from any fi)dy 
of a temperature higher than your own; the loss of the caloric 
you part with in return, it is true, is not perceptible ; for as you 
gain more tkan you lose, instead of sufiering a diminution, you are 
really making an acquisition of caloric. It is, therefore, only when 
you are parting with it to a body of a lower^ temperature, that you 
are sensible of the sensation of cold, becauS^ you then sustain an ab- 
solute loss of calorie/ 
/ 

* This is true when applied to inanimate matter. • But if a live 
animal is exposed to a degree of heat above the temperature of its 
own body, it has the power of resistance \ and though the heat be 
100 degrees above that of the animal, it scarcely afiects its temper- 
ature. — ^C. 

144. What is Professor Prevoefs theory of caloric ? 

145. WhtU remarks respecting live animals is made in the note? 

146. Do all bodies constantly radiate caloric? 

147. If ooe body contains more free ealorio tftan adother, what is 
the consequence/ \- * ^ '^' 

148. Does a hot body feeeive caloric from a cold one > * ^ 

149. How does Mrs. B. answer the objection to the reciprocal radi* 
•tion of caloric between bodies of diflhrent temperature ? 

150. What occasions the sensalioa of cold .' 
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Unify, And in this case we cannot be sensible of the small iuan- 
tity of neat we receive in exchange from the colder body, because 
it serves only to diminish the loss. 

Mrs. B, Very well, indeed, Emily. Professor Pictet, of Gene- 
ya, has made some .very interesting experiments, which prove not 
ooly^at caloric radiates from all bodies whatever, bat that these 
lays may be reflected, according to the laws of optics, -in the same 
manner as light. I shall repeat these experiments before you, hav- 
ing procured mirrors* fit for the purpose ; and it will afford us an 
opportunity of using the differential thermometer, which is partic- 
ularly well adapted for these experiments. — ^I place an iron ballet, 
Fig. 5. 
Jlfr. Fictefs Apparatus for the R^ectton of Seat. 




A A, and BR, Concave Btirrora fixed on stands. Cf, Heated Ballet, placed in the fo- 
ciu of the Mirror A. D, Thermometer^ with Us bulb placed in the focus of the Mir- 
ror B. 13 3 4, rays of Caloric radiating from the Bullet, and falling on the Mirror 
A. 5 6 7 8, the same rays reflected from the Mirror A to the Mirror B. 9 10 U 19, 
the same rays reflected by the Mirror B to the Thermometer. 

about two inches in diameter, and heated to a degree not sufficient 
to render it luminous, in the Tocus of this large metallic concave 
mirror. The rays of heat which fall on this mirror are reflected, 
agreeably to the property of concave mirrors, in a parallel direc- 
tion, so as to fall on a similar mirror, which, you see, is placed op- 
posite to the first, at the distance of about ten feet ; thence the 
rays converge to the focus of the second *mirror, in which I place 
one of the bulbs of this thermometer. Now, observe in What man-- 
ner it is a#ected by the caloric which is reflected on it from the 
Heated bullet. — ^Thie air is dilated in the bulb which we placed in 
the focus of the mirror, and the liquor rises considerably in the op- 
posite leg. 

* Mirrors made qf common tinned iron show this experiment 
Very well. Thev may be 10 or iS inches in diameter, and abwit 2 
mches deep. They must be planished with a hammer having a 
convex face, and afterwards polished with a piece of buckskin, and 
a little whiting.-*-C. 

151. What do Professor Pictet's experiments on caloric prove? 

152. What is th^ object of figure 5 i» 

153. How would you explain the experiment represented in this fig^ 
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Endfy. But would not the same effect take place, if the rays of 
ealoTfc from the heated bullet fell directly on the thennometer, 
without the assistance of the mirrors f 

Mrs. B, The eflfect would in that icase be so trifling, at the dis- 
tance at which the bullet and the thettnpmet^r are from each oth- 
er, that it would be almost imperceptible. The mirrors, you 
know, prreatly increase the effect/by collecting a lar^e quantity of 
rays in u focus Y place your hand in the focus of the mirror, and you 
Will find it murai hotter there than when you remove it nearer to 
the bullet. 

Emily.' That is very true : it appears extremely sftngUlar to feel 
the heat diminish in approaching the body from which it proceeds. 

Caroline. And the mirror which produxses so much heat Jby con- 
verging the raysi is itself quite cold. ' ^ 

Mrs. B. The same number of rays that, are dispersed over the 
surface of the mirror are collected by it into the focus ; but if you 
consider how large a surface the mirror presents to the rays, and 
consequently, how much they are diffiised in comparison to what 
they are at the focus, which is a little more than a point, I think you 
can no longer w6nder that the focus should be so much hotter than 
the mirror. 

The principal use of the mirror in this experiment \&j^Xo prove 
that the calorific emanation is reflected in the same manner as 
lightJ 

Caroline. And the result, I think, is very conclusive. 

Mrs. B. The experiment may be repeated with a wax taper in- 
stead of the bullet, with a view of separating the light from the 
caloric. For this purpose a transparent plate of glass must be in- 
terposed between the mirrors ; for light, you know, passes with 
^great fecihty through/glass,* whilst the transmission of caloric is 
almost whoUy impedea by it. We shall find, however, in this ex- 
periment, that some few of the calorific rays pass through the glass 
together with the light, as the thermometer rises a little ; but, as 
floon as the glass is removed, and free passage lefl to the caloric, it 
will rise considerably higher. 

Endhf. This experiment, as w^ll as that of Dr. Herschell's, 
proves^ that light and heat may be separated \ for in the latter ex- 
periment the separation was not perfect, any more than that of Mr- 
Pictet. 

Caroline. , I should like to repeat this experiment, with the dif- 
ference of substituting a cold body instead of a hot one, to see 
whether cold would not be reflected as well as heat. 

Mrs. B. That experiment was proposed to "Mr. Pictettby an in- 
credulous philosopher like yourself; and he immediately tried it by 
substit\iting a piece of ice in the place of a heated bullet. 

Caroline. Well, Mrs. B., and what was the result ? 

154. Why do mirrors increase the effect in this experiment? 
15&. Why does a metallic mirror f^el cold when placed before the 
«re? 

156. What is the use of the mirror in the ezperiihent } 

157. What sabstaoce almost wholly impedes the transmission of 
calorie ? 

158; What does this prove .> 

159. What philosopher supposed that oold might be reflected ? 
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ISrs, B, That we shall see ; I haye piocmed aome ice for the 

porpose. 

AnUy, The thermometer falls considerably ! 

Caroline. And does not that prove^that cold is not merely a nci^flk 
tkfe qualityi implying simply an infenor degree of heat } The cold 
mast be positive, since it is capable of reflection. 

Mrs, B. So it first appeared to Mr. Pictet ; but upon a little 
consideration he found that it afforded only an additional proof of 
the reflection of heat; this I shall endeavor to explain to you. ^ 

According to Mr. Provost's theory, we suppos^that all bo<Ces 
whatever radiate caloric jf the thermometer used m these exper- 
iments, therefore, emit calorific rays in the same manner as any 
other substance. When its temperature is in equiUbrium with that 
of the surrounding bodies, it receives as much caloric as it parts 
with, and no change of temperature is produced. But when we 
introduce a body of a lower temperature, such as a piece of ice, 
which parts with less caloric than it receives, the conseiquence is,, 
that its temperature is raised whilst that of the surrounding bodies 
is woportionally lowered. 

Ennh/. If, K>r instance, I was to bring a large piece of ice into 
this room, the ice would in time be melted, by absorbing caloric 
from the general radiation which is going on throughout the rooin ; 
and as it would contribute very little caloric in return for what is 
absorbed, the room would necessarily be cooled by it. 

Mrs. B. Just so ; and as in consequence of the mirrors, a more 
ooDsiderable exchange of rays takes place between the ice and the 
themioraeter, than between these and any of the surrounding bod- 
ies, the temperature of the thermometer must be more lowered than 
that of any other adjacent object. 

Car(Mine, I confess I do not perfectly understand your explana- 
tion. 

Mrs, B, This experiment is exactly similar to that made with 
the heated bullet ; for, if we consider the thermometer as the hot 
body (which It certainly is in comparison to the ice,][ you may then 
easily i^nderstand that it is by the loss of the calonfic rays which 
the thermometer sends to the ice, and not by any cold rays receiv- 
ed Irom it, that the fall of the mercury is occasioned ; for the ice, 
far from emitting rays of cold, sends ^rth rays of caloric, which di- 
minish the loss sustained by the thermometer. 

Let us sajTy for instance, that, the radiation of the thermometer 
towards the ice is equal to 10, and that of the ice towards the 
thermometer to 20 , the exchange in favor of the ice is as 30 is 
to 10, or the thermometer absolutely loses 10, whilst the ice gains 

Caroline, But if the ice actually sends rays of caloric to the 
thermometer, must not the latter fall still lower when the ice is re- 
moved? ^ K f ' 

Mrs, B,(^ NoJ foiAhe space which the ice occupies, admits rays 

160. What did his experiment jrtove ? 

161. What is probable respecting the use of the thermometer in 
this experiment, according to Mr. Prevost's theory ? 

^16S2.What simikrity is there between this experiment and that of 
the heated bollel.' 

163. Since thfc ice sends rays of caloric to the theimometer, will 
M the the n nom c ter fUl if the |oe is lemofed? 
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frbmull the surroixn&g'ljodies to pass through' it Jand those bdng 
of the same temperature as the thermometer, wilTnot affect it, be- 
cause as much heat now returns, to the thermometer as radiates 
fiiom it. 

Caroline. I must confess that you have explained this in so satis- 
factory a manner, that I cannot help being convinced now that cold 
has no real claim to the rank of a positive being. 

Mrs. B. Before I conclude the subject of radiation, I must ob- 
serve to you, that different bodies (or rather surfaces,) possess the 
power of radiating caloric in very different degrees. 

Some curious experiments have been ms^e by Mr. LesHe on 

' this subject, and it was for this purpose that he invented the difiet- 

ential ^ermometer ; with its assistance he ascertained thatlblack 

surfaces^radiate mpsl/glass nexf^and/polished surges the least of 

"^Emity. Supposing these surfaces, of course, to be all of the same 
temperature. 

Mrs. B. Undoubtedly. I will now show you the very ingen- 
iou^apparatus, by means of which .he made these experiments. 
This cuoical tin vessel, or canister, has each of its sides externally 
covered with, different materials ; the one is simply blackened ; 
the next is covered with white paper ; the third with a pane of glass, 
and in the fourth the polished tin surface remains uncovered. 
We shall fill this vessel with hot water, so that there can be no 
doubt but that all its sides wi^ be of the same temperature. Now 
let us place it in the focus of one of the mirrors, making each of its 
sides nront it in succession. We shall begin with the black sur- 
fece.*y 

Carolina. It makes the thermometer which is in the focus of the 
other mirror rise considerably. Let us turn the paper Airface 
towards the mirror. The thermometer faUs a little, therefore of 
. course, this side cannot emit or radiate so much caloric as the black- 
ened side. 

Emily. This is very surprising ; for the sides are exactly of the 
same size, and must be of the^ same temperature. But let us try 
the ^lass sur&ce. , 

Mrs. B. The thermometer continues fallin|g, and with the plain 
surface it falls still lower ; these two surfaces therefore radiate less 
and less. 

Caroline. I think I have found out the reason of this. 

Mrs. B. I should be very happy to hear it, for it has not yet (to 
my knowledge) been accounted for; 

* The radiatinff power of di^rent surfaces may be shown thus. 
{ Take si common naif pint tin cup, scour one side bright, and paint 
or smoke the other black. Place this in l^e focus of the mirror, 
and the thermometer will rise or fall as its sides are changed.^r^. 

164. Why will it not ? / ^d^ 

165. Do aU Buifaces radiate caloric in equal debtees f CL€ T^^^ 

166. What sur&ces radiate most caloric, and what ones least ? 

167. What illuBtratibn is given df Ih^' difierent radiations of HUfer^ 
entfe(o»filce8? 

168. Hou)isU$taUdinik»noU. thtU tks radiiOing powftr if diiinrmii 
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CaroUne. The water within the vessel gradually cools, and the 
thermometer in consequence gradually falls. ^ 

Mrs. B, Tt is true that the water cools, but certainly in much leaa 
proportion than the thermometer descends, as you will perceive if 
yon now change the tin surface for the black o)ie. 

Caroline, I was misti^en, certainly, for the thermometer rises 
again now that the black surface fronts the mirror. 

Mrs, B, And yet the water in the vessel is s^ cooling, Caro- 
line. 

Emify. I am surprised that the tin surface shocdd radiate the 
least cadoric, for a metallic vessel filled with hot water, a silver tea- 
pot for instance, feels much hotter to the hand than one of black 
earthen ware, 

Mrs, B.(ThaX is owing to the different power which various bo- 
dies possess for conducting caloric! a property which we shall pres- 
ently examine. Thus, although''a metallic vessel feels warm to 
the hand, a vessel of this kind unknown to preserve the heat of the 
liquid within, better thaji one or any other materials I it is for Uiis 
reason that silver tea-pots make better tea than those of earthen- 
ware. 

Emify. According to these experiments, light colored dresses, 
^n cold weather, should keep us warmer than black clothes, since 
the latter radiate so much more than the former J 

Mrs. B. And that is actually the case. ^ 

Emibf. This property, of difierent surfaces to radiate in difierenl 
degrees, appears to me to be at variance with the ^equilibrium of 
caloric ; since it would imply that those bodies which radiate most 
must ultimately become coldest. 

Suppose that we were to vary this experiment, by using two me- 
tallic vessels full of boiling water, the one blackened, the other not; 
would not the black one cool the first ? 

Caroline. True : but when they were both brought down to the 
temperature of the room, the interchange of caloric between the 
canisters and the other bodies of the room being then equal, their 
temperature would be the same. 

Emify. I do not see why that should be the case ;|for if difierenl 
surfaces of the same temperature radiate in different degrees when 
he&ted, why should they not continue to do so when cooled down 
to the temperature of the room ? 

Mrs. B. You have started a difficulty, Emily, which certainly 
requires explanation. It is found by experiment, that the power 
of absorption corresponds with, and is proportional to, that of radia- 
tion; 80 that under equal temperatures, bodies compensate for the 

169. Why will a silver tea-pot or any metallic vetnel filled with hot 
water, feel much hotter to the hand than one of black earthen-ware? 

170. Why will a silver tea-pot make better tea than an earthen one? 
O^l* Why m a light-colored dress warmer than a black one in win^ 
ter? 

-^72. AbA why a' light-colored one colder than a black in the sum- 
mer? 

173. What difficulty is mentioned respecting the above tfaeoiy of 
thendiationof cabrks.' ^ ' 

6 • 
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mater loss they sustain in consequence of their greater radiation 
by their greater absorption ; so that if you were to make your ex- 
periment in an atmosphere heated like the canisters, to the tempe- 
rature of boiling water, though it is true that the canisters would 
radiate in different degrees, no chanefe of temperature would be 
produced in them,\because they would each absorb caloric in pro- 
portion to their respective radiation.) 

Emily, But would not l^e canisters of boiling water also absoib 
caloric in different degrees in a room of the common temperature? 

Mrs, B. Undoubtedly they would. But the various bodies in 
the roont would not, at a lower temperature, furnish either of the 
canisters with a sufficiency of caloric to compensate for the lose 
they undergo ; for, suppose a black canister to absorb 400 raye 
of caloric, whilst the metallic one absorbed only 200 ; yet if the 
' former radiates 800, whilst the latter radiates only 400, the black 
canister will be the first cooled down to the temperature of the 
room. But from the moment the equilibrium of temperature has 
taken place, the black canister, both receiving and giving out 400 
rays, and the metallic one 200, no change of temperature will take 
place. 

EmiJy, I now understand it extremely well. But what becomes 
of the surplus of calorific rays, which good radiators emit, and bad 
radiators receive ? they must wander about in search of a resting^ 
place! 

Mrs. B. They really do so ; for they are rejected and sent back, 
or in other wofr^s, reflected by the bodies which are bad radiators 
of caloric; andf^ey axe thus transmitted to other bodies which 
happen to lie' in their wajr/ by which they are either absorbed or 
agam reflected, according as the property of reflection, or that of 
absorption predominates m these bodies. 

Caroline, I do not well understand the difierence between radia- 
tins^ and reflecting caloric, for the caloric that is reflected from a 
body, proceeds from it in straight lines, and may surely be said to 
radiate from it ? 

Mrs, B, It is true that there at first appears to be a great analo- 
gy between radiation and reflection^ as they equally convey the idea 
of the transmission of caloric. 

But if you consider a little, you will perceive that^hen a body 
rttdicdes caloric, the heat which it emits not only proceeds from, but 
has its origin in the bodjr itself. Whilst when a body reflects calo- 
ric, it parts with none of its own caloricibut only reflects that whidi 
it receives from other bodies. 

Emify, Of this difference we have very striking examples before 
us, in the (tin vessel of water, and the concave mirrors; the first 
radi^Ues its own heat, the latter reflect the heat which they receive 
teom other bodies. I 

Caroline, Now that I understand the difference, it no longer 

! 174. If (tif^rent sarfaces of the same temperature radiate in difier- 
ent degrees when heated, why do they not contiautf to do so when 
^poled tP tbi^ temperatare of the room ? 

1Y5. What becomes of the surplus caloric, whieh good radinton 
emit and bad ones refuse to receive P 

176. What is the diflference between the radiation and refleetkm of 
calorie? 

177. How would yon illustrate this difference by example? 
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smHses me thai bodies whidh radiate or part with their own caloi^ 
ic freely, should not have the power of transmitting with equal fa* 
cih^ that which they receive from other bodies. 

Emily . Yet no body can be said to possess caloric of its own, if 
all caloric is derived originally from the sun. 

Mrs. B. When I speak of a body radiating its own caloric, I " 
meanAhat which it has absorbed and incorporated either immedi- 
ately irom the sun's rays, or through the medium of any other sub- 
stance. / 

Qzroan^. It seems natural enough that the power of absorption 
should be in opposition to that of rei!ection, for the more caloric a 
body receives, the less it will reject. 

Anihf, And equally so that the power of radiation should corres- 
pond with that of absorption. It is, in fact, cause and effect ; for a 
oody canAot radiate heat without having previously absorbed it ; 
just as a sj^ng that is well filled flows abundantly. 

Mrs, B.p'luidskre in general very bad radiators of caloric; and 
air neither radiates nor absorbs caloric in any sensible degree. 

We have not yet concluded our observations on free caloric.— ' 
But I shall defer, till our next meeting, what I have further to say ' 
on this subject. I believe it will afford us ample conversation for 
another interview. '^ 
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CONTINUATION OF THE SUBJECT. 

Mrs. B. In our last conversation, we began to examine the ten- 
dency of caioriq^to restore an equUibrium of temperature. This 
property when once well understood affords the explanation of a. 

?reat variety of facts which appeared formerly unaccountable .-;- 
ou most observe, in the first place, that the effect of this tendency 
is gradually to bring all bodies that are in contact, to the same 
temperature. Thus the fire which burns in the grate, communi- 
cates its heat from one object to another, till every part of the room 
has an equal portion of it. 

I^nUy. And yet this book is not so cold as the table on which it 
lies, though both are at an equal distance from the fire, and actual- 
ly in contact with each other, so that according to your theory, they 
should be exactly at the same temperature. 

Caroline. And the hearth which is much nearer the fire than the 
carpet, is certainly the colder of the two. 

Mrs. B. If you ascertain the temperature of these several bodies 

' 178. When we speak of a body radiating its own calorie, what do 
we mean? 

179. What are very bad radiators of caloric ? 

180. Has caloric any effect upon the air ? 

181. What ia the tendency of caloric ? ^ -- ;. 

182. Do all substances at the same temperature feel e^poally wann . 

«"»"? .^.^ V}.. 
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by a thermometer (which is a much more accurate test than jonr 

feeling,) you will find that it is exactly the same. 

Caroline, But if they are of the same temperature, why should 
the one feel colder than the other ? 

Mrs. B. The hearth and the table feel colder than the carpet or 
the book/ because the latter are not such good conductors of heat 
as the former, i Caloric finds a more easy passage through marble 
and wood, thzm through leather and worsted ; the two former will 
therefore absorb heat more rapidly from your hand, and conse- 
quently eive it a stronger sensatioR of eold than the two latter, al- 
though they are all re^ly of the same temperatura 

Caroline. So, then, the sensation I feel on touching a eold body, 
^k in proportion to the rapidity with which my hand yields its heal 
fo that bodyJ 

Mrs. 5.^recisdy; and if you lay your hand successively on 
every object in the room, you will discover which are good, and 
which are bad conductors of heat, by the different degrees of cold 
which you feel. But in order to ascertain this point J it is- necessary 
that the several substances should be of the same temperature, 
which will not be the case with those that are near the fire, or 
those that are exposed to a current of cold air from a window or 
ioor. 

Emily^. But what is the reason that some bodie» are better con^ 
ductors of heat than others? 

Mrs^ B. This is a point not weH ascertained. It has been con- 
jectured that a certain union or adherence takes place between th» 
caloric and the particles of the body througH which it passes. K 
this adherence be strong, the body detains the heat, and parts vnth 
it slowly and reluctantly ; if slight, it propagates it freely and ra- 
pidly. The conductino- power of a body is tf erefore, inversely ,)ds 
Its tendency to unite with caloric.) 

Emily. That is to say, that the best conductors are those that 
Lave the leaslt affinity for caloric. 

Mrs. B. Yes ; but the term affinity is objectionable in this case, 
because, as that word is used to express a chemical attraction^ 
(which can be destroyed only by decomposition,) it eannot be ap- 
plicable to the slight and transient uiuon that takes place betweeo 
free caloric and the bodies through which it passes; an union 
which is so weak, that it constantly yields to the tendency which 
ealoric has to an ec^uilibrium. Now you clearly understand, thai 
the passage of calono^ through bodies* that are good conductors^is 
ftmch more rapid than through those that are 1^ conductcss, and 
thatAhe former both give and receive it more quickly^ and there- 

183. Why do they not? 

184. What are instances of substances of the same temperature pro- 
ducing different sensations of heat and cold ?■ 

185. To what is the sensation proportional on touching one's hand 
to a cold body ? 

186. 'How can we ascertain which bodies are good condoctom o£ 
beat and which are not ? 

187. Why are some bodies better conductoro of heat than others? 
_18d. Will caloric pass quickest through good or bad conductors? 
189. Which gives it and receives it most readily ? 
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fore, m ft gi^ea time noi^ abundanilT, than bad oondvcton, wluA 
makes them feel either hotter or colder, though they maybem6cl» 
lM>th of the same temperature. 

Carotine. Yes, I understand it now ; the table and the book lyiii^ 
Qpon it, bein^ really of the same temperature, would each reoeiTe 
in the same space of time, the same quantity of heat from my haad> 
were their conducting powers equal ; but as the table is the best 
oottdiictor of the twc^i will absorb t^e heat from my hand moT» 
n^dlyJftiid oonsequebtly produce a stronger sensation of cold thaot 
the boi^. 

Mrs, B. Very well, my dear ; and observe » likewise, that if yon 
were to heat the table and the book an equal number of degrees 
above the temperature of your body, the table, which before felt 
the colder, would now feel the hotter of the two ; for, as in the first 
case it took the heat most rapidly from your hand, so now it will imr 
part heat most rapidly to it. Thus the marble table, which seems 
to us colder than the mahogany one, will prove the hotter of the 
two to the ice ; for if it takes heat more rapidly from our hands, 
which are warmer, it will give out heat more rapidly to the ice, 
which is colder. Do you understand the reason of these apparent- 
ly opposite effects ? 

Emily, Perfectly. A body which is a good conductor of caloric 
affords it a free passage ; so that it penetrates through that body more 
rapidly ihan through one which is a bad conductor ; and conse- 
qaentlyj[if it is colder than your hand, you lose more ctjoric, and if 
it is hotter you gain more than a bsui conductor of the same t«n- 
perature^ 

Mrs, B, But you must observe that this is the case only when 
the conductors are either hotter or colder than your hand ; for, if 
you heat difierent conductors to the temperature of your bosidy , they 
wiU all feel equally warm, since the exchauffe of calorie between 
bodies of the same temperature is equal. Now, can you tell dm 
why flannel clothine, which is a veiy bad conductor o^ ^eat, pre^ 
▼ents our feeling cqld ? 

Caroline, It prevents tl^e cold from penetrating. 

Mrs, B, But you forget that cold is only a negative (]|uality. 

OaroHne, True^it only prevents the heat of our bodies from e»> 
caping so rapidly as it would otherwise do.^ 

Mrs. B, Now you have explained it right ; the flau^el rather 
keeps in the heat, than keeps out the cold. Were the atmosphere 
of a higher ten^perature than our bodies, it would be equailj effiCir 
dous ^1 keeping their temperature at the same degree, 9^£ ^onld 
prevent the free access of the external heat,^ by t^e diffic^ty with 
which it conducts it. I 

Errnh, This, J tmnl^, is very clear. B[eat, whether external or 
internal, cannot easily penetrate flai^nel ; therefore, in cok( weaUmr 

190. If W9 lav our band upon a table and a book hoth^ of th^ nme 
temperature, why does the tabl^ produce a stronger seoin^tion of cold 
than the book .J> , 

Idl. Under what ciroi^mstanoes wlU gpo^ and M cox^uctois ftcil 
dually warm to our flesh ? 

l9Si. Whv does flannel ctothiiig prevel^t otir' feeling eold f 

193. Under what circumstances, or when would a flannel dress pfO« 
dooe a oontniy eftet In our feelings ? 
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it keeps us warm, and if the weather were hott^ than our bodies, 
it would -keep us cool. 

Mrs, J9i The most dense bodies are^enerally speaking, the best 
oonductorsof heat ; probabl ji^ecaose tiie denser the body the great- 
er are the number of points or particles that come in contact with 
caloric^ At the common temperature of the atmosphere, a piece of 
metal will feel much colder than a piece of wood, and the latter 
than a piece of woollen cloth ; this again will feel colder than flan- 
nel ; and down, which is one of the lightest, is at the same time one 
of the warmest bodies.* 

Qirohne. This is, I suppose, the reason that the pluma^ of birds 
preserves them so eifectuauly from the influence of cold m winter ? 

Mrs. B. Yes ; but though feathers in general are an excellent 
preservative against cold, down is a kind of plumage, pectfliar to 
aquatic birds, and covers their chest, which is the part most ex- 
posed to the water ; for though the surflice of the water is not of a 
lower temperature than the atmosphere^yet it is a better conduc- 
tor of heat^t feels much colder, consequently the chest of the bird 
requires a warmer covering than any other part of its body. Be- 
sides, the breasts of aquatic birds are exposed to cold, not only from 
the temperature of the water, but also from the velocity with which 
the breast of the bird strikes against it ; and likewise from the ra^ 
id evaporation occasioned in that part by the air against which it 
strikes, after it has been moistened by dipping from time to time 
into the water. 

If you hold a finger of one hand motionless in a glass of water, 
and at the same time move a finger of the other hand swiftly through 
water of the same temperature, a difi^ent sensation will be soon 
perceived in the different fingers, f 

Most animal substances, especially those which Providence has 

assifi^ied as a covering for aupimals, such as fur, wool, hair, skin, &;c. 

^are bad conductors ot heat|)kuid are, on that account, such excellent 

preservatives 'against the mclemency of wint^, that our warmest 

apparel is made of these materials^ 

^ * One reason why fur, down, &c. conduct heat so badly, is, that 
f they contain a large quantity of air^hich is a worse conductor than 
the materials themselves.— 4l!. ^ 

jjThe reason seems to be, that the finger, when it ia still, wanns 
the^water in contact with it ; w^e the one that is stirring is con- 
stantly exposed to fresh applications of cold.y-C. 

194. What bodies are generally considered the best condueton of 
caloric ? 

195. Why are dense bodies the best conductors ? 

196. If tne sor&ce of water is not of a lower temperature than the 
atmosphere, why does it feel colder ? 

197. Why are fur, hair, wool, and down, good preservatives against 
the inclemency of winter ? 

196. fVhy are tkey had eonduetors qf etdarieT 

199. If you hold a finger of one hand motumUss in a glass ^loster, 
mnd at me same time move a finger of the other hand sunjuy through wsr 
^rtffthe same taa^ature^ why is a dijferent sensation produced f 
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Bmily, Wood is, I dare say, not so ^ood a condaetor as metal, 
and it is for that reason, no doubt, that silver tea pots have always 
wooden handles. 

Mrs. B, Yes ; and it is the facility with which metals oondact 
caloric that made you suppose that a silver pot radiated more ca- 
loric than an earthen one. The silver pot is in fact hotter to the 
hand when in contact with it ; but it is|because its conducting pow* 
er more than counterbalances its deficiency in regard to radiationi 

We have observed that the most dense bodies are in general, tne 
best conductors ; and metals you know, are of that class. Porous 
bodies, such as the earths, and wood, are worse conductors, chief- 
ly, I |?elieve/on account of their pores* being filled with buJ( for air 
is a remarkaoly bad conductor. 

Caroline. It is a very fortunate circumstance that air should be 
a bad conductor, as it tends to preserve the heat of the body when 
exposed to cold weather. 

Mrs, B. It is one of the many benevolent dispensations of Prov- 
idence, in order to soften the inclemency of the season, and to ren- 
der almost all climates habitable to man. 

In fluids of different densitiies, the power of conducting heat va- 
ries no less remarkably ; if you dip your hand into this vessel full 
of mercury, you will scarcely conceive that its temperature is not 
lower than that of the atmosphere. 

Caroline, Indeed I know not how to believe it, it feels so extreme- 
ly cold. But we may easily ascertain its true temperature by the 
tfaemiometer. It is really not colder than the air : the apparent 
difference then is produced merely by the difference of the conduct- 
ing power in mercury and in air. 

Mrs. B. Yes ; hence you may judge bow little the sense of fe^ 
ing is to be relied on as a test of the temperature of bodies, and how 
necessary a thermometer is for that puipose. 
* It has indeed been doubted whether fluids have the power of con- 
ducting caloric in the same manner as solid bodies. Count Rum- 
ford a very few years since, attempted to prove by a variety of ex- 
periments, that fluids when at rest, were not at all endowed with 
this property. 

Caroline. How is that possible, since they are capable of impart- 
ing- cold or heat to us ; for if they did npt conduct heat, they would 
neither take it from, nor ffiveut to us ? 

Mrs. B. Count Rumrord did not mean to say that fluids would 
not communicate their heat to solid bodies ; but only that heat does 
not pervade fluids, that is to say is not transmitted from one particle 
of a fluid to another, in the same manner as in solid bodies. 

JEndb/. But when you heat a vessel of water over the fire, if the 
particles of water do not communicate heat to each other, how does 
the water become hot throughout ? 

900. Why does a silver tea pot feel hotter to the hand than an 
earthen one ? ' 

IjOl. Why are wood and earths bad conductors of it ? 

902. Have fluids of different densities the same power of conducting 
caloric? /.' 

203. Ought the sense of feeling to be relied on as a test of the t^n- 
poatttie of bodies? ^Why? 
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Mrs. B, ^ Bgr constant agitation. Water as yon have seen^ ex- 
pands bv heat, in the same manner as solid bodies ; the heated par- 
ticles of water, therefore, at the bottom \)f the vessel, being spe- 
cifically liffhter than the rest of the liquid, and consequently ascend 
to the snrrace, where, parting with some of their heat to the colder 
atmosphere, they are condensed and give way to a fresh succession 
of heated particles • ascendmg from the bottom, which, having 
thrown oflf their heat at. the surface, are in their turn displaced.-^ 
Thus every particle is successively heated at the bottom, and cool- 
ed at the surface of the liquid ; but as the fire communicates heat 
more ranidly than the atmosphere cools the succession of sur&oes, 
the whole of the liquid in time becomes heated. 

Caroline, This accounts mbst ingeniously for the propagation of 
heat upwards. But supposing you were to heat the upper surface 
of a liquid, the particles being specifically lighter than tnose below, 
could not descend ; how therefore would the heat be communica- 
ted downwards ? 

Mrs, B. If there were no agitation to force the heated surface 
downwards. Count Rumford assures us that the heat would not de- 
scend. In proof of this he succeededfin making the upper surface 
of a vessel of water boil and evaporate, while a cake of ice remain- 
ed frozen at the bottom.*/ 

Caroline, That is very extraordinary indeed ? 

Mrs, B, It appears so, because we are not acoust<^ed to heat 
liquids by their upper aur^e ; but you will understand this theonr 
better if I dbow you the internal motion that takes pl&ce in liquids 
virhen the^r experience a change of temperature^ The motion of 
the liquid itself is indeed invisible, from the extreme minuteness of 
its particles ; but if you mix with it any colored dust, or powder, 
of nearly the same specific gravity as the liquid, you may judge of 
the internal motion of the latter by that of the colored dust it con- 
tq^ns.-^Do you see the small pieces of amber moving about in the 
Uqnid contained in this phial ? 

Carohns* Yes, perfectly. 

Mrs. Br We shall noVimmerse the phial in a glass of hot water, 
and the inotion of the liquid will be shown by that which it commu- 
nicates to the amberi 

Emily. I see tw^ currents, the one rising alons^ the sides of the 
phial, the other descending in the centre ; but I do not understand 
the reason of this. 



♦ Dr. Thomson says— (^* All fluids, however, are capable of con- 
ducting caloric ; for when the source of heat is applied to their 
surface, the caloric gradually makes its wa^r downwards, and the 
temperature of every stratum gradually diminishes from the surfiice 
to the bottom of the liquid.^,^--C, 

$04. How are fluids heated, whenplaced over the fire ? 

205. By what eiperiment did Count Rumford attempt to prove 
that fluids do not conduct caloric downwards ? 

'206. What VMS Dr. Thomsan*a opinion on this subject f 

^7. What eipeiiment shows the internal motion that ' 
in liquids when tney experience a change of temperature ? 
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Mrs, B, The^^hot water communicates its caloric, through the 
medium of the phial, to the particles of the fluid nearest to the glass ; 
these dilate and ascend laterally to the surface, where, in parting 
with their heat they are condensed, and in descending, form the 
central current^ 

Caroline. This is indeed a very clear and satisfactory experknent ; 
but how much slower the currents now move than they did at first ! 

Mrs. B. It is because the circulation of particles has nearly pro- 
daced an eqniUbrium of temperature between jthe liquid in the glass 
and that in the phial. 

CaroUne. But these communicate laterally, and I thought that 
heat in liquids could be prO]^agated only upwards. 

Mrs. B. You d<^ not take notice that the heat is imparted from 
one Uquid to another, through thamedium of the phiai itself, the 
external surface of which receives the heat from the water in the 

S'ass, whilst its internal surface transmits it to the liquid it contains, 
ow take the phial out of ^ hot water, and observe the effect of 
its cooling 

i2»iti5w.7*The currents are reverBcd; the external current now 
descends, and the internal one rises^I guess the reason of this 
change ( the phial being in contact with cold air instead of hot wa- 
ter, Uie external particles are cooled, instead of being heated^— 
they therefore_descend and force up the central particles, which, 
being warmer, are consequently lighter. 

Mrs, B. It is just so ; Count Riunford hence infers, that no alter- 
ation of temperature can take place in a fluid, without an internal 
motion of its particles ; and as this motion is produced only by the 
comparative levity of the heated particles, heat cannot be propaga- 
ted do^wards. 

But though I believe that Count Rnmford's theory as to heat beings 
incapable of pervading fluids is not strictly correct, yet there is, no 
doubt, much truth in his observation, that the communication i» 
materially promoted by a motion of the parts ; and this accounts for 
the cold that is found to prevail at the bottom of the lakes in'Svtdt- 
aerland, which are fed by rivers issuing from the snowy Alps. /The 
water of these rivers being colder, and therefore more dense than 
that of the lakes, subsides to the bottom, where it cannot be affect- 
ed by the warmer temperature of the surface ] the motion of the 
waves may communicate this temperature to some little depth, but 
it can descend no further than the agitation extends. 

Emily. But when the atmosphere is colder than the lake, the • 
colder surface of the water will descend, for the very reason that 
the warmer will not. 

Mrs. B. Certainly ; and it is on this account that^ieither a lake 
nor any body of water whatever, can be frozen'until every particle 

206. Why does one of the currents rise along the side of the phial 
and the other descend in the centre, when the phial is immersed in 
hot water ? 

209. If the phial be taken out of the hot water, what will be the ef- 
fect? 

210. What is the reason of this change ? 

211. Why does cold prevail at the bottom of the lakes in Switxer* 
land, which are fed by the rivers issuing from the snowy Alps? 

212. When is a lake or any collection of water frozen ? 



of th^ wfttetf harnBen to the sarhxse to git^ off its caloric to the Obld- 
er atmosphere ;^therefore the deeper a body of water is, the longer 
will be the time it requires to be nrozen. 

Unify. But if the temperature of the whole l^ody of water be 
brought down to the freezing point, why is only the sur&iee froasen ? 

M's, B. The temperature of the whole body is lowered, but not 
to the freezing point. [ The diminution of heat,] as you know, pro- 
duces a contraction in the bulk of fluids, as well as of solids. This 
efifeet, however, does not t^ke place in water below the tempera- 
ture of 40 degrees, which is 8 degrees above the freezing point. At 
that temperature, therefore, the internal motion, occasioned by the 
increased specific gravity of the condensed particles ceases; for 
when the water at the surface no longer condenses, it will no long* 
er descend and leave a fresh surface exposed to the atmosphere ; this 
surface alone, therefore, will be further exposed to its severity, and 
will soon be brought down to the freezing point, when it becomes 
ice, which being a bad conductor of heat, preserves the water be- 
neath a long time from being affected by the external cold. 

Caroline* And the sea does not freeze, I suppose,j^ecause its 
depth is so great, that a frost never lasts long enough to bring down 
tiie temperature of such a great body of water to 40 degrees.'! 

Mr$, B* That is one reason why the sea, as a large mass or wa- 
ter, does npt freeze. But independently of this, salt water does not 
freeze till it is cooled much below 32 degrees, and with respect to 
the law of condensation, salt water is an exception, as it condenses 
even many degrees below the freezing point. When the caloric of 
fresh water, therefore, is imprisoned by the ice on its surface, the 
f ocean still continues throwing off heat into the atmosphere^ which 
is a most signal dispensation of Providence to moderate theontensi- 
* ty of the cold in winter. 

CaroUne* This theory of the non*conducting power of liquids, 
' does not, I suppose, hold good with respect to air, otherwise the at^ 
mosphere would not be heaied by the rays of the sun passing 
through it ? . " 

Mrs. B. Nor is it heated in that way. The pure atmosphere is a 
perfectly transparent medium, which neither radiates, absorbs, nor 
conducts caloric, but transmits the rays of the sun to us without in 
any way diminishing their intensity. The air is therefore not more 
heated, by the sun's rays passing through it, than diamond, glass, 
water, or any other transparent medium.* 

Carolijie. That is very extraordinary ! Are glass windows not 
heated then by the sun shining on them ? 

* To show still better that transparent media are not heated by 
the rays of the sun /throw the focus of a burning lens into a vessel 
cf clear water.) No effect on the temperature will be produced ; 
but if an opake body, as a piece of cork, be introduced under the 
focus, the water at this point instantly begins to boil.— C. 

213. Why does water first freeze at the surface ? 

214. Why does not the surface of the sea freeze? 

215. What moderates the intensity of cold in winter? 

216. Is the atmosphere heated by the rays of the sun passing through 
it? ( 

217. WhU expenrnent wuinHoned m the note, proves that franco-' 
rent media are not heaited by the rays of the sunf 



Mf9,B. No; not if the glaas be perfeoliy teaamparont. Amost 

oop?mcing proof that glass transmits the raysof the son without 
being heated by them, is afforded by the buminff lens, which by 
converging the rays to a fbcos, will set combustible bodies on fire, 
without its own temperature being raised. 

EmU^, Yet Mrs. j3., if I holfd a piece of glass near the fire, it is 
almost mimediately warmed by it ; the glass, therefore, most retain 
some of the caloric radiated by the fire. Is it that tlus sokur rays 
alone pass freely through the glass without paying tribute ? It seems 
nnacoountable that the radiation of a common fire should haye 
power to do what the sun's rays-cannot accomplish. 

Mrs, B^ It is not because the rays from the &re have more power, 
but rather because they haye less, that they heat glass and other 
transparent bodies. It is true,^ howeyer, that as you approach the 
80(uce of heat, the rays being nearer each other, the heat is more 
condensed, and can produce effects of which the solar rays, from 
the great distance of their source are incapable. — ^Thus we should 
find it impossible to roast a joint of meat by the sun's rays, though 
it is so easily done by culinary heat. Yet caloric emanated from 
burning bodies, which is conmionly called cu&nary heat^ss neither 
the intensity nor the velocity of solar rays/ ^All caloric, we have 
said, is supposed to proceed originally from the sun ; but after hay- 
ing been incorporated with terrestrial bodies, and again given oat 
by them, though its nature is not essentially altered, it retains n^ 
ther the intensity nor velocity with which it first emanated from 
that luminary ; it has therefore not the power of passing through 
transparent mediums, such as glass and water, without being par- 
tiaUv retained by those bodies^ 

Emily M recollect that in tne experiment on the reflection of 
heat, me glass screen which you interposed between the burning 
taper and mirror, arrested Uie rays of caloric, and sufifered only 
those of light to pass through ity 

Caroline, Glass windows, thefi, though they cannot be healed by 
the son shinin? on them, may be heated internally by a fire in tlie 
room? But, Mrs. B., since the atmosphere is not warmed by the 
solar rays pas«ng through it, how does it obtain heat ? For aU the 
files that are burning on the sur&oe of the earth would eoatribute 
▼e^ little towards wanning it. 

EmUy, The radiation of heat is' sot confined to burning bodies; 
for bU bodies, you know, have that property ; therefi)re, not only 
e^ery thing up^i the surface of the earth, but the earth itself, must 
radiate heat ; and this terrestrial caloric, not having, I suppose, su^ 
&aent power to traverse the atmosphere, eommunieates lie[i4>to it. 

Mr$, B, YoiBT inferenoe is extremely well drawn, Emily ; but tke 
^Hi&dation «a which it rests is not aonad ; for th» feet is, tkaX ter- 
restrial or cidinsuy heat, though it cannot pass tiirough the deader 
transparent mediums, such as glass, or water, without loss, travers- 
es the atmosphere completely; so ^at all the heat which the earth 

^. What is culinary heat? 

919. Why does fire heat glaas, when the smi does not ? 

g^To ^ha^ ezpeiiment is al|asion ^ye |nade i^ustrat^ Pft^ 
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ndiates/anlesB it meets with clouds* or any foreign bod^ to iIlte^ 
oept its passage, passes into the distant regions of the uniYerse. \ 

Carohne. What a pity that so much heat should be wasted ! ' 

Mrs. B, Before you are tempted to object to any law of natoie, 
reflect whether it may not prove to be one of the numberless dispen- 
sations of Providence for our good. If all the heat which the earth 
has received from the sun since the creation, had been accumulated 
in it^nts temperature at this time, would no doubt have been more 
elevated than any human being could have bom^' 

Caroline, I spoke, indeed, very inconsiderately. But, Mrs. B., 
though the earth, at such a high temperature, mi^ht have scorched 
our feet, we should always have had a cool refreshing air to breathe, 
since the radiation of the earth does not heat the atmosphere. 

Emily, The cool air would have afforded but very insufficient 
refreshment, whilst our bodies were exposed to the burning radia- 
tion of the earth. 

Mrs, B, Nor should we have breathed a cool air ; for though it is 
true that heat is not communicated ta the atmosphere by radiation, 
yet the air is warmed by contact with heated bodies, in the same 
manner as solids or liquids. /^The stratum of air which is immedi- 
ately in contact with the eaiih is heated by it ; it becomes specific- 
ally Ughter, and rises, making way for another stratum of ain which 
is m its turn heated and earned upwards ; and thus each suocessiTC 
stratum of air is warmed by coming in contact with the earth. You 
may perceive this effect in a sultry day, if you attentively observe 
the strata of air near the sur&ce of the €arth ; they appear in con- 
stant agitation ; for though it is true the air itself is invisible, ^et 
the sun shining on the vapors floating in it, render them visible, hke 
the amber dust in the water. The temperature of the sur&oe of 
the earth is therefore the source from whence the atmosphere de- 
rives its heat, though it is communicated neither by radiation, nor 
transmitted from one particle of it to another by the conducting 
power; but every particle of air must come in contact with the 
earth in order to receive heat from it. 

Emiiy, Wind, then, by agitating the air, should contribute to 
cool the earth and warm the atmosphere, by bringing a more rapid 
succession of fresh strata of air in contact with the earth ? and yet 
in general wind feels cooler than still air. 

Mrs, B^ Because the agitation of the air carries oflf heat from the 
8Qr&Cf9 of our bodies more rapidly than still airi by occasioning & 
greater number of points of contact in a given time. 

* Every one has observed how oppressive the heat is on a foggy, 
or cloudy day in the summer. TThe moisture of the fog absorbs the 
heat which the earth radiates, and throws it bade upon the earth 
again, and upon us.^-C. 

221 . What becomes of the heat which the earth radiates ? 
223. What would be the effect if all the heat which the earth has le 
ceived from the son, since the creation, had been accumulated in it? 

223. Why in sommer, is it particularly hot in cloudy, or fi)gg> 
weather? 

224. Hoioiffieatr hMLti^ tf not ag has hem saidf ktf ike rmg$ iff ik$ 
aeaing through it f 

Why is the wind oodUng to our bodies? 
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Since it is from the earth , and not the ran, that the at- 
mosphere receiyes its heat, I no longer wonder that elevated regions 
should he colder than plains and yadleys. It was always a suoject 
of astonishment to me, that in ascending a mountain and approach- 
ing the sun, the air became colder instead of heing more heated. 

Mrs. B, At the distance of about a hundred millions of miles, 
which we are from the .sun, the approach of a few thousand feet 
makes no sensible difference, whilst it produces a very considerable 
effect with regard to' the warming of the atmosphere at the surface 
of the earth. 

CcproHne, Yet as the warm air arises from the earth, and the cold 
air descends to it, I should have supposed that heat would have ac- 
cumulated in the upper regions of the atmosphere, and that we 
should havefelt the air warmer as we ascendea. 

Mrs. B. /The atmosphere you know, dinjinishes in density, and 
consequentry in weight, as it is more distant from the earth ; the 
warai air, therefore, rises only till it meeis with a stratum of air of 
its own density ^nd it will not ascend intb the upper regions of the 
atmosphere until all the parts beneath have been previously heated* 
/The length of summer, even in warm climates, does not heat the air 
Buffidenti^tomelt the snow which has accumulated during the win- 



Fig. 6. 




Bottlng watar io a fluk over . i ^ • i. 

a patent lamp. tne ciiimney lure. 



ter on very high mountains, althouc^h they 
are almost oonstantljr exposed to uie heat 
of the sun's rays^ being too much elevated 
to be often enveloped in clouds/ 

EmUy. These explanations are very sat- 
isfactory ; but allow me to ask you one more 
question respecting the increased levity <^ 
heated liquids, lou said that when water 
was heateid over the fire, the particles at the 
bottom of the vessel ascenaed as soon as 
heated, ^in consequence of their specific 
levity; why does not the^ same efl^ct con- 
tinue when the water boils and is converted 
into steam? and why does the steam arise 
from the sur&ce instead of the bottom of 
the liquid ? 

Mrs. B. The steam or vapour does a»> 
eend from the bottom, though it seems to 
arise from the sur&ce Df the liquid. We 
shall boil some water in this Florence flask, 
(Fi^. 6.) ii|[ order that you may be well aie- 
quamted -v^ith the process of ebullition ; yon 
will then see through the gl?iss, that the vsp 
por rises in bubbles from the bottom. We 
shall make it boil by means of a lamp, which 
is more convenient for this purpose thaa 



996. Why is it colder on high hills and mountains than it is in val* 
leys, «nce the fomer are nearer the son than the latter, and sinee, al- 
io; it is the natore of the air to rise as it becomes wanned ^ 

997. What illostration is mentioned to show that the air is not 
heated by the sun's rays passing through it ? 

998. DoeswaterboilfiomthetopyorfronithebolUiinof sTesael? 
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Emily, T see some anall bubbles ascend, anda ^at manj appear 
all over the inside of the flask ; does ^e water begin to boil already? 

Mrs, B. No ; what you now 8ee|u:e bubbles of aii", which were 
either dissolyed in the water, or attached to the inner surface of 
the flask, and which ^bein|r rarefied by the heat> ascend in the water.? 

Emily. But the heat which rarefieqifthe air inclosed in the water ' 
must rarefy the water at the same tim^; therefore, if it could r^nain 
stationary in the water when both were cold, I da not undeistand 
why it shopM not when both are equally heated. 

Mrs, B^Air being much less iense than water^is more easily 
rarefiedji the former^ therefore, expands to a great extent, whilst 
the lat^r continues to occupy nearly the same space ; for thb wa> 
ten dilates comparatively but very little without changing its state 
and becoming vapour. Now that the water in the *j£sk begins to 
boil, observe what large bubbles rise from the bottom of itv 

Emily. I see them perfectly ; but I wonder that they have suffi- 
cient power to force themselves through the water. 
. Caroline. /They must rise, you know, from their specific levity 
_ Mrs. B, 'You are right, Caroline, but vapor has not in all if^ 
quids (when brought to the degree of vaporization) the power of 
overcoming thp pressure of the less heated surface. j^Vfetals, for m- 
stance, mercury excepted, evaporate only from the surface) there- 
fore no vapour will ascend from them till the degree of hen which 
is necessary to form it has reached the surface ; that i» to say, till 
the whole of the liquid is brought to a state of ebullition. 

Emxiy, I have observed that steam, immediately issuing from the 
spout of a tea kettle, is less visible than at a further distance from 
it, yet it must be more dens& when it first evaporates, than when it 
begins to diflfuse itself in the air. 

' Mrs. B. When the steam is first formed, it is so perfectly dissolv- 
ed by caloric, as to ^e invisible. In order, however, to understand 
this, it will be necessary fi^r me to enter into some explanation re- 
specting the nature of soLUTiow. .'Solution takes place whenever a 
body is melted in a fluid. In this operation the body is reduced 
to such a minute state of division by tne fluid, as to become invisible 
in it and to partake of its fluidity ; but in common solutions this 
happens without any decomposition, the body being only divided 
iato its integrant particles by the fluid into which it is melted. 

Caroline, It i» then a mode of destroying the attraction of aggre- 
gation. 

Mrs, B. Undoubtedly — ^the two principal solvent fluids^ imh 
Ur and caloric J Yom may have observed that if you melt salt in wa- 
ter it totally msappears, and the water remains clear and transpa- 
rent as before ; yet thoup^h the union of these bodies appears so 
perfect, it is not produced by any chemical combination ; both the 

. 229. What causes those bubbles which ascend, and those which 
gather on the- inside of a vessel when water is beating .' 

'230. Why is air more easily rarefied than water ? 

i231. When water begins to boil w^jr d^krjps bubbles rise boai the 
bottom? 

233. Has yaponr always the power of oveioeming the pressait of 
the less heated surface ? / , ^ * / 

• 233. What substances eraponite only Iroln the sorfiioe I p i- 4 " .v 

234. When does solution take place f * ^ 
iWL Whal aie the twe principal solveaiiliiids? * 



«alt and the ^ter remain unchanged ; and if yoa were to separate 
thempy eyaporating the latter, you would find the salt in the same 
«late as before. 

Emily. I suppose that water is a solvent for 4olid bodies, and ca- 
loric for liquids. r . 

Mrs, B^ Liquids, of course, can only be converted into vapour by 
caloric. But the solvent power of this agent is not at all confined 
to that class of bodies ; a g^reat variety of solid substances are dis- 
solved by heat; thus metju^, which are insoluble in water, can be 
dissolved by intense heat, being first fused or converted into a liquid 
and then rarefied into an invisible vapour. Many other bodies, such 
as. sajt, §^ums, &c. yield to either of these solvents, 

Caroline, And that, no doubt, is the reason why hot water will 
melt them so much better than cold water. 

Mrs, B, It is so./ Caloric may, indeed, be isonsidered as having 
in every instance, some share in the solution of a body by water, ' 
since water, however low its temperature may be, always contains 
more or less caloric. 

Emily. Then, perhaps, water owes its solvent power merely to 
the caloric contained in it. 

Mrs. B, That, probably, woufd be carrying the speculation too 
far ; I should rather tliink that water and caloric unite their efibttft 
.to dissolve a body, and that the difficulty or facility of effecting this, 
[depend both on the degree of attraction of aggregation to be ovei^ 
•come, and on the arrangement of the particles which are more or 
less disposed to be divided and penetrated by the solvent.^ 

Emify. But hawe not all liquids the «ame solvent power as water* 

Mrs, B, (^rhe solvent power of other liquids varies, according to 
their natuTe^and that of the substa:nces submitted to their- action.— 
Most of thl^e solvents, indeed, differ essentially from water ^^as they 
do not merely separate the integrant particles of the bodied which 
they dissdlvey but attack their constituent principles by the power 
of chemical attraction, thus producing a true decomposition. These 
more complicated operations we must consider in another place, 
and confine our attention at present to the solutions hy water and 
caloric. 

Caroline, Bat there are a variety ef substances which, when dish 
solved in water, make 4t thick and muddy, and destroy its transpar 
rency. 

Mrs, B. In this case, it is not a solution, but >simply a mixture. 
I shall show you the difference between a solution and a mixture, 
by putting some common salt into one glass of water, and some pow- 
der of ch3k into another; both these substances are white, but their 
effect on the water will be very different.'' 

Caroline, /Very different, indeed I' The salt entirely disappears 

236. After salt has been dissolved in water, can^ they be separated 
flo as to have the salt in the same state as before it was dissolved ? 

By what means ? 

237. Has caloric any influence in ihe sdutioa of a body by Water ? 

238. Op. what does the difficalty or facility of dissolving bodies de- 
pend? , 

239. Have all liqaids the same solvent power as water ? 

240. How do these solvents differ from water ? 

241. What is the difference between a solution and a miztore ? 
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And leave the #ater transparent, whilst the chalk changes it into aa 
Opaque liquid like milk. 

Emijly, And would lumps of chalk and salt produce similar effecti 
on water ? 

Mrs, ^*/. ¥s8f^l»ii not so rapidly: salt is, indeed, soon melted, 
though in a lump : but chalk, which does not mix so readily with 
water would require a much greater length of time ; I therefore 
preferred showing you the experiment with both substances reduced 
to powder, which does not in any respect alter their nature, but£i- 
cilitates the operation merely by presenting a greater quantity of 
Surface to the water. 

I must not forget to mention a very curious circumstance respectr 
ing solution, -which is, that a fluid is not nearly so much increased 
in bulk by holding a body in solution, as it would be, by mere mix- 
ture with the body ? 

Caroline* How is that possible ? for two bodies cannot exist to- 
gether in the same space. 

Mrs. B. Two bodies noay, by condensation, occupy less ^aee 
when in union than when separate, and this Z can show you by an 
easy experiment. / 

This phial which contains some salt, I shall fill with water, pour- 
ing it in quickly, so as not to dissolve much of the salt ; and when 
it IS quite full I cork it. If I now shake the phial till the salt is dis* 
solved, you will observe that it is no longer full. 

Caroline. I shall try to add a little more salt. , But now you see, 
Mrs. B., the water runs over. 

Mrs. B. Ye^t but observe that the last quantity of salt you put 
in remains solid k the bottom and displaces the water ; for it has 
already melted all the salt it is capable of holding in solution. This 
is called the point of saturation; and the water in this case is said 
to be saturated ^tith salt. ' 

Bmily. I think I now understand the solution of a solid body by 
water perfectl]^ ; but I have not so clear an idea of the solution of a 
liquid by caloric. '. # . 

Mrs. B. It is probably of a similar riature ; but as caloric is an 
invisible fluid, its action as a solvent is not so obvious as that of wa- 
ter. Caloric, we may conceive, dissolves water and converts it in- 
to vapour by,the same process as water dissolves salt ; that is to say, 
the particles of water are so minutely divided by the caloric as tc 
become invisible^ Thus, you are now enabled to understand why 
the vai)our of boiling water, when it first issues from the spout of a 
kettle is invisible : it is so, because it is then completely dissolved 
by caloric. But the air with which it comes in contact, being 
much colder than the vapour, the latter yields to it a quantity ox 
its caloric. The panicles of vapour being thus in a good measare 
deprived of their slolvent, gradually collect, and -Become visible in 
the form of steam, which is water m a state of imperfect solution ; 
and if you were further to deprive it of its caloric, it would return 
to its original liquid state. 

243. Are fluids equally increased in bulk by the solution and the 
mixtare of a solid ? >- j ^ 

243.^ What experiment proves that they are not ? 
. 244.' When is a Bolvent saturated i 

245. Why is vapour less visible on firsi rising from a liqaid, than *^ 
ter having ascended a distance from it ? 



CaaroUne, That I nnderstand venr well. If yon hold a gold plM 
over a tea-urn, the steani issuing from it will be immediately oai^ 
verted into drops of water by parting with its caloric to the plate-; 
bat in what state is the steam when it becomes inyiaible by being 
diffused in air ? 

Mrs. B. It is not merely diffused, bat is again dissolved by the ak.. 

Emib/. The air, then, has a solvent power, like water and calorie F 

Mrs. B. This was formerly believed to be the case. But it ap- 
pears from more recent enquiries that the solvent power of the at- 
mosphere dependa'solely upon the caloric contained m it. > Sometimes 
the watery vapor diffusedf in the atmosphere is but imperfectly dis- 
solved, as is the case in me formation of clouds and fogs ; but if il 
gets into a region sufficiently warm, it becomes perfectly invisible/ 

Emify. Can any water be dissolved in the atmosphere withotvt 
having been previously converted into vapour by boiling ? 

Mrs. B. Unquestionably ; and this constitutes the ^nfference b«r 
tween vaporization and evaporation. fW^Lter, vfhen heated to the 
boiling point, can no longer exist in the form of water, and must' 
necessanly be converted into vapour .or steam, whatever maybe 
the state and temperature of the surrounding medium ; this is calle4 
vaporization. ' But the atmosphere, by means of the caloric it con^ 
tains, can take up a certain portion of water at any temperature, 
and hold it in a state of solution. ^ This i? simply evaporation. Thus 
the atmosphere is continually carrying off moisture firom the ear* 
^ of the earth, until it is saturated with it. 

CaroKne. This is the case, no doubt, wjhen we feel the atmosphere 
(damp. 

Mrs. B. On the contrary, when the moisture is well dissolved it 
occasions no humidity ; it is only when ip a state of imperfect sola? 
tion and floating in the atmosphere^ in the form of watery vapour, 
that it produces dampness. This happeqs iQore frequently in vnae- 
ter^than in summer ;Yfor the lower the temperature of the atmos» 
phere, the less water it can dissolvejf and in reality it never coih- 
tains 80 much moisture as in a dry, not, summer's day. 

Caroline. You astonish ine ; but why, then, is the air so dry in 
™ty weather, when its tenpperature is at the lowest ? 

tmly. This, I conjecture, proceeds not so much from the moi»- 
ture being dissolved, as from its being frozen ;* is not that the case f ' 

Mrs. B. It is; and^he fre^ng of ,the w?.tery vapor M^hich the 

*Iq cold climates, where there k not a cloud to be seen, and the 
^Q rises in i^ his glory, the air is sometimes full of little particles 
<^ice glistening in every direction, and forming a most beautifol 
Bpectacle.. This is owing to the condensation, and freezing of the 
particles of water in the ayur, by the intent cold.--C. 

246. Upon what does the solyent power of the atmociphere depend? , 
^47. WhatoaiMesfop.? ^ ^ ^ 

248. What is the di^renee between vaporation and evaporizatioii ? . 
— —oS* ^^^ ^*** ^^ atmosphere sometimes ieel damp ? 

«)0. When does the atmospheie contain mo^t moifltore, in suminw 
« winter. 
^. Why is the air 80 dry in frosty weather? 
^^ How is.fropt poduotd.' 
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atmospheric heat could not dissolTe/prodaces ^^lat is called a hoar 
firoBt ; for the particles descend in freezing, and attach thems^Tes 
to whaterer they meet with on the surface of the earth. 
f The tendencT of free caloric to an equilibrium, together with its 
solvent power Are likewise connected with the phenomena of lain, 
of dew, &p. 'When most air of a certain temperature happens to 
pass through a cold region of the atmosphere, it parts with a por- 
tion of its heat to the surrounding air ; the quality of caloric, there- 
fore, which served to keep the water in a state of vapour, being di- 
minished, the watery particles approach each other, and form them- 
selves into drops of water, which, oeing heavier than the atmosphere 
descend to the ^arth. There are also other circumstances, and paj^ 
ticularly the variation in the weight of the atmosphere, the changes 
which take, place in its electrical state, &c. which may contribute 
to the formation of rain. This, however, is an intricate subject, 
into which we cannot more fully enter at present. 

EmUy, Ip what manner do ^ou account for the formation of dew? 

Mrs, B(Dew is a deposition of watery particles or minute drops 
from the atmosphere, precipitated by the coolness of the evenin^.j^ 

Caroline, This precipitation is owing, I suppose,(lo the coohog 
of the atmosphere Jwhich prevents its retaining so great a quantity 
of watery vapour in solution as during the heat of the day. 

Mrs, B, Such was, from time immemorial, the generally received 
opinion respecting the cause of dew ; but it has been very recently 

5 roved by a course of ingenious experiments of Dr. Wells, that the 
eposition of dew is produced by me cooling of the surface of the 
^arth, which he has shown to take place previously to the coolins 
of the atmosphere ; for on examining the temperature of a plot of 
grass just before the dew-fall, he^ found that it vvas considerably 
colder than the air a few feet above it, from which the dew was 
shortly after predpitated ? 

Emily, But why should the earth cool in the evening -sooner than 
the atmosphere ? 

Mrs, ^^Because it parts with its heat more readily than the airr 
the ea^rth is an excellent radiator of caloric, whilst the atmosphere 
does not possess that property, at least in any sensible degree. To- 
wards evening, therefore, when the sdar'heat declines, and when 
after sun-set it entirely ceases, the earth rapidly cools by radiating 
heat towards the skies ; whilst the air has no means of parting with 
its heat but bv coming in contact with the cooled surface of the 
earth, to which it communicates its caloric. Its solvent power be- 
ing thus reduced, it is unable to retain so l%rffe a portion of watery 
vapour, and deposits those pearly drops whicn we call dew. 

J&nt/y. If this be the cause of dew, we need not be apprehensive 
of receiving any injury from it ; for %X can be deposited only on fsox- 
&ces that are colder than the atmosphere, which is never the case 
with our bodies. 

Mrs, B, Very true ; yet I would not advise you for this reason to 

d53. How is rain formed ? 

1S54. In what namier do we accooBt iox the formatioA of dew ? 

255. To what is the precipitation owing that takes place in the pio- 
daction of dew ? 

S56. Why does the earth cool sooner io the ereniag thaa the il* 
iBOMihere? 

W. What iU eflbott wy leralt fiom dew to health? 



be too confident of escaping aU the ill efiectB which may arise ftoni 
exposure to the dew ; foT(it may be deposited on your doti^es, and 
chill yoa afterwards by its evaporation trom them.j Besides, when- 
ever the dew is copious, there is a chill in the atmosphere which is 
not always safe to encounter. 

Caroline, Wind, then, should promote the deposition of dew(liY 
bringing a more rapid succession of particles of air in contact with 
the earUi,jju6t as it promotes the cooling of the earth and warming 
of the atmosphere during the heat of the day ? 

Mrs, B, This may be 3ie case in some decree, pioTided the agitar 
tion of the air be not considerable ; for when the wind is strong 
it is found that less dew is deposited than in calm weather, especial- 
ly if the atmosphere be loaded with clouds. These accumulations 
of tDoisture not onl^prevent the free radiation of the earth to- 
wards the upper regiohsJbut themselves radiate towards the euth s 
for which reaisons much less dew is formed than on fine clear nights 
when the radiation of the earth passes without obstacle through the 
atmosphere to the distant regions of space, whence it reoMves no 
caloric in exchange. The dew continues to be deposited during the 
night, and is generally the^most abundant towards morning when 
the contrast betweea the temperature of the earth, and that of t^ 
air is greatest. J After sunrise the equihbrium of temperature be- 
tween those two bodies is gradually restored by the solar, rays pass- 
ing freely through the atmosphere to the earth ; and later in the 
morning the temperature of the earth jgains the ascendancy, and 
gives out caloric to the air by contact, in the same manner as it re- 
ceives it from the air during the night. 

Can you tell me, now, wny a bottle of wine taken firesh from the 
cellar (in summer particularl]^,) will soon be covered with dew; 
and even the glasses into wmch the wine is poured will be moisp 
tened wi^ a similar vapoUr ? • - 

Emify. The bottleQieing colder than the surrounding air Jmust 
absorb caloric from itV the moisture, therefore, which that afr cour 
tained, becomes visible, and forms the dew which is deposited on 
the bottle. 

Mrs, B, YeTj well, Emily. Now Caroline, can you inform me 
why, in a warm room or close carriage, the contrary efiect takes 
place ; that is to say, that the inside of the windows is covered with 
vapour ? 

Caroline, I have heard that it proceeds from the breath of those 
within the room or the carriage ; and I suppose it is occacaoned by 
' the windows which, being colder than the breath, deprive it of part 
of its caloric, and by this means convert it into watery vapour. ^ 

Mrs, B, You have both explained it extremely well. Bodies at*- 

S58. When does wind promote the deposition of dew? 

259. Why does more dew accumulate in a clear night than when 
it ifl cloudy f 

960. Wben is the dew most abundant, and why is it then mort 
•bnnduit? 

261. Why is a tumbler or bottle filled with cold water covered with 
moisture in a v^arm day^? 

262. Why in a warm room or in a close carriage does moiatni^ 
coUeet on the inside of the windows ? 

m. Why does less ikm ooUeot on loehs and sands, than on pim 
•advegstaUes/ 
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traet deii/iii proportioa as they are good radiators of caloridf as it is 
this quality which reduces their temperature below that'of theat- 
' mosphere ; hence v«e find that little or no dew is deposited on rocks, 
sano, or water ; whil» grass and living vegetables, to which it is so 
highly beneficial, attract it in abnnd^ce — another remarkable in- 
stance of the wise and bountiful dispensations of ProTidence. 

Emily, And we may again observe it in the abundance of dew in 
.«iii|mier, and in hot climates, when its cooling efiects are so much 
required; but I do not understand what natural cause increases 
the dew in hot weather? 

Mrs, B. The more caloric the earth receives during the day, the 
more it will radiate afterwards] apd consequently the more rapidly 
its temperature will be reduced in the evening, in^ comparison to 
that of the atmosphere. In ;the West Indies especially, where the 
intense heat of the day is strongly contrasted with the coolness of 
the evenina, the dew is prodigiously abundant. During a drought 
the dew is less plentiful, as^he earth is not sufficiently supplied with 
moisture to be able to saturate the atmosphere.) 

Cdroline, 1 have often observed, Mrs. B., tnat when I walk cot 
|n frosty weather, with a veil over my face, my breath freezes up(w 
if. Pray what is the reason of that ? 

Mrs. i. It is because the cold air immediately seizes on the calo* 
Tic of your breath, and, by robbing it of its solvent, reduces it to a 
4enser fluid, which is the watery vapour that settles- on your veil, 
and there it continues parting with its caloric till it is brought dows 
io the temperature of the atmosphere, and assumes the form of ice^ 

You may, {)erhaps, have observed that the breath of animals, or 
rather the moisture contained in it, «s visible in damp weather, or 
. daring a frost. In the former casenhe atmosphere bemg over satu- 
rated with moisture, can dissolve nor more.j ta the latter, the coI4 
condenses it into visible vapor ; and for tke same reason the steam 
arising from water that is warmer than ihe atmosphere, becomes 
pnsible. Have you never taken notice of the vapour rising from 
your hands after having dipped them into warm water ? 

Caroline, Frequently, especially in frcwsty weather. 

Mrs, B. We have already observed that pressure is an obstacle 
to evaporation : there are liquids which contain so great a quantity 
fif calorie, and whose particles consequently adhere so slightly .to* 
gether, that they may be rapidly converted into vapour )»?ithout any 
;elevation of tepaperature, merely by faking off the weight of the atr 
ihosphere. In such liquids you perceive, it is the pressure of the 
atmosphere alpne that co^n^cls their policies, and keeps t^em in 
a liquid state. • 

Caroline. I do not well understand why the particles of such fli> 
ids shojuld be disunited and converted into vapour, without any ele- 
vation of temperature, in spite of the attraction of oofhesion. 

Mrs. B, It is (because the degree of heat at which we usually 

2()4. W|)y does more dew collect in summer and in cold climates 
'than in winter and warm climates ? 

265. Why ip there a small quantity of dew in a time of drought? ^ 
' 26(5. lyby is t^ie moisture contained in the breath of animals visi- 
ble in damp weather, or durinff a frost.' 

2lS3f. How are certain liquids, which contain a great degree of calo- 
ric, eoairctrted into vapour, without an^ ipcrease of lempentun? 
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obsenre these fluids is sufficient to OYercome their sttnction of oo- 
he8ion.y Ether is p£ this desoarip'tion ; it will hoil apd be converted 
into Ts^our, at the oommon temperature of the au\jf the pressure 
of the atmosphere be taken off. / 

Emily. I thought that ether^ould evaporate without either the 
pressure of the atmosphere being taken away, or heat applied ; and 
that it was for that reason so necessary to keep it caretmly corked 
up. 

Mrs, B. It is true it will evaporate, but without ebullition ; what 
I am now speaking of is the vaporization df ether, or its conversion 
into vapour by boiUn^t 1 am going to show you how suddenly the 
ether in this phial will be converted into vapour, by means of the 
air pump. Observe with what rapidity the bubbles ascend, as I 
take off the pressure of the atmosphere. 

CatoUne. It positively boils $ how singular, to see a liquid boU 
without heat ! 



Fig. 7. 
Pneumottc Puntp, 



Mrs. B^ow I shall 
place the phial of 
ether in this glass, 
which it nearly fills, 
so as to leave only a 
small space, which I^ 
fill with water : and 
in this state I put it 
ag^ under the re- 
ceiver.* ^You will 

observe, as I exhaust 
the air from it, that 
whOst the ether boils, 
the water freezes \j 

Caroline. It is in* 
deed wonderful to see 
water freeze in con- 
tact with a boiling flu- f 
id! 

Emify. I am at a 
loss to conceive how 

the ether can pass to _,. . _,^ _ _. ^ ^ *_ * , .^ 
4k« «♦«*« ^r 5«.>^,- Fig. 7. Ether evaporated and water froeen In the 
ine state ot vapour, ^ir pump. A. Phlal of ether. B. Glass vesMl con- 
Without an addltion.of talnfng water. C. C. Thermometers, one in the 
caloric. Does it not" *^"»«'» ^^ «'*»•' *° '*>• ^*'®'- 
contain more caloric in a state of vapor, than in a state of liquidity ? 

• Two pieces of thinglass tubes, sealed at one end, might answer 
this purpose better. The experiment, however, as here described, 
is difficult, and requires a very nice apparatus. But if, instead of 
phials or tubes, two watch glasses be used, water may be frozen al- 
most instanUy in the same manner. The two glasses were placed 
over one another, with a few drops of water mterposed between 
them, and the uppermost glass is filled with ether. After working the 

268. How can ether be made to boil without the application of ca- 
loric ? 

269. How is the experiment n^e ? . i 
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Mrs, B. It certainly does ; for though it is the pressure of tiiea^ 
mosphere which condenses it into a liquid, it is by forcing out the 
caloric that belongs to it when in an aenform state. 

Emily, You have therefore, two difficulties to explaip, Mrs. B. 
First, whence the ether obtains the caloric necessaiy to convert it 
into vapour, 'when it is relieved from the pressure of the atmosphere ; 
and, secondly, what is the reason that the water in which the bot* 
tie of ether stands, is frozen ? 

Caroline. Now, I think I can answer both these questions. (The 
ether obtains the addition of caloric required, from the water in the 
glass ; and the loss of the caloric which the latter sustains, is the oc- 
casion of its freezing. \ 

Mrs, B, You aro^perfectly rieht ; and if you look at the the> 
mometer which I have placed in the water, whilst I am working the 
pump, you will see that every time bubbles of vapoirr are produ- 
ced, the mercury descends ; which proves that the heat of the wa- 
ter diminishes in proportion as the ether boils. 

Emily. This I understand now very well ; but if the water freezes 
iR consequence of yielding its caloric to the ether, the equilibrium 
of heat must in this case be totally destroyed. Yet you have told 
us, that the exchange of caloric between two bodies of equal tem* 
perature, was always equal ; how, then, is it that the water, which^ 
was originally of the same temperature as the ether, gives out ca- 
loric to It, till the water is frozen and the ether made to boil ? 

Mrs. B. I suspected that you would make these objections ; and 
in order to remove them^I enclosed two thermometers in the air- 
pump ; one of which staiids in the glass of water, the other in the 
phial of ether ; and you may see that the equilibrium of tempe^ 
ature is not destroyed ; for as the thermometer descends in the wa- 
ter, that in the ether sinks in the same manner ; so that both the^ 
4nometers indicate the «ame temperature, though one of them is in 
^ boiling, the other in a freezing liquid.y 

Emxiy. The ether, then, becomes ctflder as it boils ! This is so 
contrary to common experience, that I confess it astonishes me ex^ 
coedingly. 

Caroline, It is, indeed, a most extraordinary circumstance. But 
'pray how do you account for it ? • 

Mrs, B, I cannot satisfy your curiosity at present ; for before we 
can attempt to explain this apparent paiadox, it is necessary to 
become acquainted with the subject of latent heat, and that, I 
think, we must defer tiU our next interview. 

Caroline, I believe, Mrs. B. that you are glad to put off the ez* 
f lanation ; for it must be a very difficult point to account for. 

Mrs, B, I hope, however, that I shall do it to your complete sat* 
•isfaction. 

Emikf, But before we part, give me leave to ask you one que^ 

pump for a minute or two, the glasses are found to adhere strongly 
together, and a thin layer of ice is seen between them> 

270. In what state does ether exjst when the pressure of the otmoe* 
phere is taken off? 7 * ' , j 

271. Why does the evaporation of ether freeze water ? 

272. What experiment is made with water and ether, and two ther- 
mometers.' 
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tkm. Would not water, as well as ether boil with less heat, if de- 
prived of the pressure of the atmosphere ? 

Mrs, B, Undoubtedly. You must always recollect that there 
aie two forces to oyercome, in order to make a liquid boil or evap- 
orate ; ihe attractioa of aggregation, and the weight of the atmos- 
phere^ On the summit of a high mountain (as M. De Saussure as- 
certained on Mount Blanc,)^uch less heat is required to make 
water boil, than in the plain where the weight of the atmosphere is 
greater^ Indeed, if the weight of the atmosphere be entirely re- 
moYed By means of a good air pump, and if water be placed in the 
exhausted receiverl it will evaporate so hat, however cold it may 
be, as to give it the appearance of boiling from the sur&ce.^ But 
without t^ assistance of the air pump, I can show you a very pret- 
ty experiment, which proves the efiect of the pressure of the at- 
mosphere in this res^t. 

/Observe that this rloretice flask is about half full of water, and 
toe upper half of invisible vapour, the water being in the act. of boil- ■ 
ing. 1 take it from the lamp, and cork it carefuUy— the water, you 
aee, immediately ceases boiling. I i^aU now dip' the flask into a 
basin of cold water, tj ^ * 

CaroUrie, But look, Mrs. B., the water beffins to boil again, al- ^ 
though the cold water must rob it more and more of its caloric ! 
What can be the reason of that ? 

Mrs, B, Let us examine its temperature. You see the ther> 
iBometer immersed in it remains stationary at 180 degrees which is 
about 30 degrees below the boihng point. When I took the flask 
from the lamp, I observed to you that the upper part of it was filled 
with vapour ; this being compeUed to yield its caloric, to the cold 
water, was again condensed into water. What then filled the up- 
per part of the flask ? 

SnUif, Nothing ; for it was too well corked for the air to eain 
admittance, and therefore, the upper part of the flask must be a 
racuum. 

Mrs. B, The water below, therefore, no longer sustains the 
pressure of the atmosphere, and will consequently boil at a much 
lower temperature. Thus you see, though it had lost many degrees 
of heat, it began boiling again the instant the vacuum was formed 
above it. The boiling has now ceased, the tSemperature of the watev 

*0n the top of Mount Blanc, water boiled when heated only t« 
188 degrees, instead of 312. 

fThe same efl^t may be produced by wrapping a cold wet lin- 
en cloth round the upper part of the flask. In order to show you 
how much the water cools whilst it is boiling, a thermometer gnd- 
oated on the tube itself, may be introduced into the bottld through 
the cork.— €. 

273. What two forces are to be overcome in order to make a liq;Di4 
boil or evaporate ? 

374. Why does it requius the aoplication of less calorie to boil watsr 
on a hiffh mountain than on low land ? 

^. What is the appearance of water when placed in ah exhausted 
leceinr? 

276. What experiment is mentioned to sImxw how the boiling of li- 
<IBidi y effiwtod Of almospheiicsl pfessure ? 
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beinff stOl farther tedueed ; if it had beea ether instead of water, ik 
wonEi have continued boiling much longer, for ether boils undo: 
the usual atmospheric pressure, at a temperature as low as 100 de- 
grees ; and in a vacuum it boils at ahnost any temperature ; but 
water being a more dense fluid, requires a more considerable quan- 
tity of caloric to make it evaporate quickly, even when the ptes- 
snie of the atmosphere is removed. 

EmUy, What proportion of vapour can the atmosphere contain in 
a state of .solution. 

Mrs, B. I do not know whether it has been exactly ascertained 
by experiment ; but at any rate ^is proportion must vary, accord- 
ing to the temperature of tiie atmosphere; for the lower the tem- 
perature, the smaller must be the proportion of vapor that the at- 
mosphere can contain, y 

Ix) conclude the subject of free caloric, I should mention Igniiimj 



/ by which is meant tha^ emission of light which is produce^in bod- 
ies at a very^high 
•lated caloric.) 



i very^high temperature, and which is the. effect of aocumu- 



EmUy. Yoyi xnean, I suppose,' that light which is produced by a 
burning body. 

Mrs, B, No ; ignition is quite independent of combostion.— 
Clay, chalk, and indeed all incombustible substances may be made 
zed hot. / When a body bums, the light emitted is the efiect of a 
chemical' change which takes place, whilst ignition is the effect of 
caloric alone, and no other change than that of temperature is pio- 
duced in the ignited body.; 

All solid bodies, and (most liquids, are susceptible of ignition,Vr 
in other words, of beinsf heated so as to become luminous ; and it is 
remarkable that this takes place pretty net^ly at the same tempe^ 
oture in all bodies, that is, at aboufSOO degrees of Fahrenheit's s(»le^ 

E/mfy, But how can liquid^ attain so high a temperature, witBr 
out beinff converted into vapour } 

Mrs, BJ[ By means of confinement and pressure./ Water oonfi* 
ned in a strong iron vessel (called Papin's digester,) can have its 
, temperature raised to upwards of 400 degrees./^ir James I£b11 has 
made some very curious experiments on the effect of heat assisted 
by pressure ; by means of strong ffun barrels he succeeded in melt- 
ing a variety of substances which were considered as infusible ; 
and it is not unlikely that, by similar methods, water itself might be 
heated to redness. I 

Emihf, I am surprised at that ; for I thought that ihe force of 
steank was such as to destroy almost all mechanical resistance. 

Mrs» B, The expansive force of steam is prodigious ; but in o^ 
der to subject water to such a high temperature, it is prevented by 
confinement from being converted into steam, and the expansion of 

977. What proportion of yapor can the atmosphefe ooatun in a 
state of folution .' ' . 

S78. What is meant by ignition ? 

279. How does ignition vary from combustioB? ^ .. 

980. Are liquids susceptible of i^^nition ? '^^ ' ^ 

S81. *At what temperature does miition take plaoe ? 
^SKfi. How can they attain so hign a temperature without beoif oon- 
yerted into vapour ? 

983. What experiments were made by Sir James Hall ? 
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iMted water is €omparatiyely trifling. But we hzre dwelt so lonff 
on the subject of free caloric, that we must reserve the other modi- 
fications 01 that agent to our next meeting, when we shaJl endeavor 
to proceed more rapidly. 



CONTERSATIOIf lY. 

ON OOMBIITEO CALOBIC, COMFREHENDIIVO SPECIFIC AND LATB9T 
HEAT. 

Mrs. B. We are now to examine the other modifications of ca- 
loric. 

Caroline, I am yery curious to know of what nature they can 
be; for I have no notion of any kind of heat that is not perceptible 
to the senses. 

Mrs. B. In order to enable ypu to understand them, it will be 
necessary to enter into some previous explanations. 

It has been discovered by modem chemists, that bodies of a dif- 
ferent nature, heated to ue same temperature, do not contain the 
«une quantity of caloric. 

Caroline. How could that be ascertamed ? Have you not told us 
diat it is impossible to discover the absolute quantity of calorie 
which bodies contain ? 

Mrs. B. True ; but at the same time I said that we were enabled 
to form a judgment of the proportion which bodies have to each oth- 
er in this respect. True, it is found that, in order to raise the tem- 
perature of different bodies the same number of demes, different 
quantities of caloric are required for each of them. ■ If for instance, 
70a place a pound of lead, a pound of chalk, and a pound of milk, 
10 a hot oven, they will be gradually heated to the temperature of 
the oven ; but the lead will attain it first, the chalk next, and the 
milk last. - 

Caroline. That is a natural consequence of their dififerent bulks; 
the lead being the smallest body, will be heated soonest, aAd the 
milk, which is the largest, will require the longest time. 

Mrs. B. lliat explanation will not do ; for if the lead, be the 
least in bulk, it offers also the least surface to the caloric, the quan- 
tity of heat therefore, which can enter into it in the same space of 
time is proportionally smaller. 

JE^^. Why, then, do not the three bodies attam the tempera- 
ture of the oven at the same time ? 

Mrs. B. It is supposed to be on account of the different capaoi- 
ties of these bodies for caloric. 

CaroUne. What do you mean by the capacifif of a body for ea- 
loric? * 

2B4. Do bodies of a different nature heated to the same tempera- 
tore contain equal quantities of caloric ? 

285. What facts Hlostrative of this case are mentioiied of leitf, 
cblk and milk? 

7 
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Jifi*5. B.\ 1 mean a certain disposition of bodies to rc^ciire moi%.% 
less caloric for raising their temperature to ihy degree of hest.i- 
Perhaps the fact may be thus explained : 

Let us^put as many marbles into this glass as it l^iirfeontaih, atid 
pour sand over them— observe how the sand penetrates and lodg- 
es between them. We shall now fill another glass with pebbles 
of various forms — ^you see that they arrange themselves in a more 
compact manner than the marbles, which being globular, <^an touch 
each other by a single point only. The pebbles, therefore, will not 
admit so much sand between them ; and consequently one of these 

Classes will necessarily contain more sand than the other, though 
oth of them be emialfy full./ 

Caroline, This 1 understand perfectly. The marbles and the 
pebbles represent two bodies of different kinds, and the sand, the 
caloric contained in them ; and it appears very plain from this com- 
parison, that one body may admit of more caloric between its par- 
ticles than another. 

Mrs. B, You can no longer be surprised, therefore, that bodies'Of 
a different capacity for caloric should require different proportions 
of that fluid to raise their temperatures equally. 

Emily. But I do not conceive why the body that contains the 
most caloric should not be of^the highest temperature: that is to 
say, feel hot in proportion to the quantity of caloric it contains. 

Mrs. B. The caloric that is employed in filling the capacity of % 
'body is not free caloric ; but is impnsbned.as it were, in the body, 
imd is therefore imperceptible!: for we can feel only the caloric 
which the body parts with, ana not that which it retams. 

Caroline. It appears to me very extraordinary, that heat should 
be confined in a body in such a manner as to J)e imperceptible. 

Mrs. B. If you lay your hand on a hot l»dy, you feel only Ae 
caloric which leaves it, and enters your hand ; for it is impossible 
that you should be sensible of that which remains in the body. The 
tiiermometer in the same manner, is affected only by the free caIo^ 
ic which a body transmits to it, and not at all by tiiat which it does 
not part with,; 

Caroline. I begin to understand it ; but I confess that the idea of 
insensible heat is so new and strange to me, that it requires some 
'time' to render it familiar. 

Mrs. B. Call it insensible calorie, and the difficulty will appear 
'Vifiti6h less' formidable. It is indeed a sort of contradiction to call it 
"heat, Vfaen it is so situated as to be incapable of producing that sen- 
\latidh. Yet this modification of caloric is conmionly calledr bpkcit- 

IC HKAT. 

€&rohiix. Bat it certainly would have been more ooireet to have 
called it specific caloric. 



2^. Whatistobeunderrtoodbytheeapocity of abody forctloiio? 

ae7. Hour is this faet ezi^ned f 

288. Why do not bodies that contain most caloric feel hot in pn^ 
portion- to tne quantity of caloric they contain ? 
-^li^' ^«te^ ^P^7 tnmamits caloric to a thermometer, is the the^ 
momeier a^cted by wliat remains in the body ? ^ 

990. What is the imperceptible heat which bodies contain calM? 



JW^. t do not understand how the teral specific appKes to this 
Modification of caloric. 

Mrs, B. It expresses the relative quantity of caloric which dif- 
ferent species of bodies of the same weight and temperature are ca^ 
pable of containing. This modification is also frequently calle<l 
heat of capacity^ a term perhaps preferable j as it explains hotter its 
own meaning. ' / ^ 

You now understand, I Suppose, why the milk and chalk required 
a longer portion of time than the lead, to raise their temperature to 
that of the ove^? 

Emily, Yes j^ the milk and tho chalk having a gi^eater capacity for 
caloric than the leadj a greater proportion of that fluid became in- 
sensible in those bodies^; and the more slowly, therefore, their 
temperature was raised. • 

Caroline. But might Aot this difference proceed from the difier- 
ent conducting powers of heat in these three bodies, since thai 
which is the bist conductor must nocessarily attain the temperature 
of the oven first ? 

Mrs. B. Very well observed, Caroline. This objection would be 
insurmountable if we could not, by reversing the experiment, prove 
that the milk, the chalk, and the lead actually absorbed different 
quantities of caloric, and we know that if the different time they 
took in heating, proceeded merely firom their difierent conducting 
powers, they would each have acquired an equal quantity of caloric, 

Caroline. Certainly. But how can you reverse the experiment? 

Mrs. B. It may be done by cooling the several bodies to the 
same degree, in an apparatus adapted to receive and measure the 
caloric which they give out. Thus, if you plunge them into three 
equal quantities of water, each at the same temperature, you wiU 
be able to judge of the relj^tive quantity of caloric which the three 
bodies contained, by that, Wiuch, in cooling, they communicated to 
their respective portions of water ; for the same quantity of calorie 
which they each absorbed to raise their temperature, will abandon 
them in lowering it ; and, on examining the three vessels of waterj 
you will find the one in which you immersed the lead to be the 
least heated ; that which held the cjhalk will be^the next ; and that 
which contained the milk will be hea^d the most of all. The cel- 
ebrated Lavoisier has invented a machine to estimate, upon thit^ 
principle, the sp^ific heat of bodies in a more perfect manner ; but 
I cannot explain it to you, till you are acquainted with the next 
modification of caloric. 

EmUy( The more dense a body is, I suppose, the less is its capa* 
city for caloric ?^' 

Mrs, B, This is not always the case with bodies of different na- 
ture ; iron, for instance, contains more specific heat than tin, though 
it is more dense. /This seems to show that specific heat does not 
merely depend upon the interstices between the particles; but 

291. Do all bodies of equal weight contain the same capacity for 
caloric? --Jk ^ , . 

292. How is the eXperunent of th^ heated lead, chalk, and milk ex- 
plained ? 

293. How can we ascertain the capacity of a body for caloric? 

294. On what is the capacity of caloric chiefly depending? 
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probably, also upon some peculiar constitution of the bodies, wbkb 
we do not comprehend. j 

Emily. But, Mrs. B.-; it would appear to me more proper to com- 
pare bodies by measure, rather than by weight, in oraer to estimate 
fiieir specific heat. Why, for instance, should we not compare fmts 
of milk, of chalk, and of lead, rather than pounds of those substan- 
ces ; for equal weights may be composed, of very different quant^ 
ties. 

Mrs. B, You are mistaken my dear ;^ual weights must contain 
equal quantities of matter A and when we wish to know what is the 
relative quantity of caloric; which substances of Tarious kinds are 
capable of containing under the same temperature, we must com- 
pare equal weights, and not equal bulks of those srubstances. Bod- 
ies of the same weight may undoubtedly be of very different di- 
mensions ; but this does not change their real quantity of matter. 
A pound of feathers does not contain one atom more than a pound of 
feaid. 

Caroline. I have another difficulty to propose. It appears to me 
that if the temperature of the three bodies in the oven did not rise 
, equality, they would never reach the 8am« degree, the lead would 
always keep its advantage over the chalk and milk, a«id would, per- 
haps, be boiling beforp the others had attained the temperature of 
the oveii.^ I think you might as well say that in the course of time, 
you and I shall be of the same age. 

Mrs. B. Your comparison is not correct, Caroline. P A* soon as 
the lead reached the temperature of the oven, it wouki remain sta- 
tionary I for it would then give out as much heat as it would receive. 
You should recollect that the exchange of radiating heat, between 
^o bodies of equal temperature, is equal; it would be impossible, 
therefore, for the lead to aecumulate heat after having attained the 
temperature of the oven, and that of the chalk and milk, therefore, 
would ultimately arrive at the same standard. Now I fear that this 
will not hold good with respect to our ages, and that as long as I 
live, I shall never cease to keep ray advantage over you. 

Evmly. I think that I have found a comparison for specific hjeat, 
which is very applicable. Suppose that two men of equal weight 
snd bulk, but who rec^uire different quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry ; the one would 
eonsume a much greater quantity of provisions than the other, in 
<»rder to be equally satisfied. 

Mrs. B. Yes, that is very fair ; for the quantity of food necessa- 
ry to satisfy their respective appetites, varies in the same manner 
as the quantity of caloric reqmsite, to raise equally the temperature 
of different bodies. • 

Emiiy. The thermometer then, affords no indication of the spe- 
cific heat of bodies. 

Mrs. B. None at all ; no more than satiety is a test of the quatt- 
tity of food eaten. The thermometer, as I have repeatedly said, can 

295. Why are not bodies compared by measure rather than weight 
to estimate their specific beat f 

296. If different bodies have different capacities for caloric, why dii 
(hey not rise to different temperatures in the same atmosphere ? 

^. Does the thermometer a^rd any indication of the specific heat 
of bodies? 



be afieeted only by free caloric which alone raises the temperatii^e 
of bodies. 

But there is another mode of proving the existence of specific heaf , 
which aflfords a very satisfactory iljustration of that modification .-t- 
This, however, I did not enlarge upon before, as I thought it might 
appear to you rather complicated. '^If you mix two fluids of diflferent 
temperatures, let us say the one at 50 degrees, and the other at 100 
degrees, of what temperature do you suppose the mixture will be ^ 

Caroline. It will be, no doubt, the medium between the two, tlv^t 
is to say, 75 degrees. 

Mrs. B. That will be the case if^the two bodies happen to have 
the same capacity for caloric ; but if not, a diflferent result will he 
obtained. Thus for instance, if you mix together a pound of merc^-!- 
JT, heated at 50 degrees, and a pound of water heated at 100 degrees, 
the temperature of the mixture, instead of being 75 degrees will be 
80 degrees ; so that the water will have lost only 12 degrees, whilst 
the mercury will have gained 38 degrees ifrom which you will con- 
clude that the capacity of mercury for heat is less than that of watejr. 

Caroline, I wonder that the mercury should have so little speci* 
fie heat. Djd we not se^it was a much better conductor of heat 
than water?, 9 

Mrs^. B. And it is precisely on that account that its specific heal 
is less. For since the conductive power of bodies depends, as we 
have observed before, on their reaainess to receive heat and paxt 
^ith it, it is natura.1 to expect that those -bodies which are the worst 
conductors should absorb the most caloric before they are disposed 
to part with it to other bodies. But let us now proceed to latent heat. 

Caroline. And pray, what kind of heat is that ? 

Mrs. B. It is another modification of combined caloric, which is 
so analogous to specific heat, that most chemists make no distinor' 
tion between them ; but Mr. Pictet, in his Essay on Fire,, has ^ 
clearly discriminated them, that I am induced to adopt his view of 
the subject. We thertfore calVlatent heat that portion of irjsensibje 
caloric which is employed in clianging the state of bodies ji^ that ja 
to say, in converting solids into liquids, or liquids i^to vapor .r— 
When a body changes its state from solid to liquid, or froni liquid 
to vapor, its expansion/ occasions a sudden and considera,bIe in- 
crease of capacity for heat,jin consequence of Which it immediately 
abwrbs a quantity of caloric, which becomes fixed in the bpdjT'it 
has transformed ; and as it is perfectly concealed from aur senses^ 
it has obtained the name of latent heat. 

Caroline. I think it would ha much more correct to call this mo^ 
ificatjon latent caloric instead of latent heat^ since it does nqt ^- 
cite the sensation of heat. 

Mrs. B. This modification of heat was discovered and named by 
Dr. Black, long before the,French chemists introduced the term <p- 
loric, and we laust not presume to change it, as it is still us^ by 

298. What other method is mentioned imi proving the existej^ of 
•pecificheat? 

W. What will he ithe .result Jis ^to ..tcjinpeiTiture, if xoiBfCfftyiiif^iti 
tt SO,-and water cheated M iOO degf^es Ibe Ai«9d,|pgey|jpr ? 

300. Why has mercury so little speoific heat ? 

301. What U latent caloric ? 

302. What does the cqpversion of a solid to a ^quid ooeaaioiif 

7* 
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mach better ehemisto than oarselyes. Besides, yon are not to sap- 
DOse that the nature of heat is altered by being variously modified; 
tor if latent heat and specific heat do not excite the same sensations 
as free caloric, it is owing to their being in a state of confinement, 
which prevents them from acting upon our organs; and conse- 
quently, as soon as they are extricated from the lK>dy in which thef 
are imprisoned/they return to their state of free caloric. \ 

Ermhf, But rdo not yet clearly see in what respect latent heat 
iliffers from specific heat ; for they are both of them imprisoned and 
concealed in bodies. 

Mrs. Bl Specific heat is that which is employed in filling the ca- 
pacity of a bo^y for caloric, in the state in which this body actually 
exists ; while latent heat is that which is employed only in afiecting 
a change of state ; that is, in converting bodies from a solid to a li- 
quid, or from a liquid to an aeiiform state! But I think, that in a 
feneral point of view, both these modifications might be compre- 
ended under the name o^heai of capacity, ka in boUi cases the ca- 
loric is equally engaged in* filling the capaeity of bodies. 

I shaU now show jrou an experiment, which I hope will give you 
a clear idea of what is understood by latent heat. 

The snow which you see in this phial has been cooled by certain 
chemical means, (which I cannot well explain to you at present,) 
to five or six degrees below the freezing point, as you will find in- 
dicated bv the thermometer which is placed in it. We shall expose 
it to the heat of a lamp, and you will see the thermometer gradual- 
ly rise, till it reaches the freezing point. 

Emily, But there it stops, Mrs. B . , and yet the lamp bums just as 
well as before. Why is not its heat communicated to the thermo- 
meter? 

CaroUne, And the snow begins to melt ; therefore it must be zi- 
msks above the freezing point. 

Mrs, B. The heat no longer afifects the thermometer^fbooanse it 
is wholly emplo]f ed in converting the ice into wated As the ice 
melts, Uie caloric becomes latent in the new fomfed liquid, and 
therefore cannot raise its temperature ; and the thennometer will 
consequently remain stationary, till the whole of the ice be melted^ 

Caroline, Because the conversion of the ic^ into water being 
completed, &e caloric no longer becomes latent 4 and therefore the 
heat which the water now receives raises its (emperature, as you 
find the thermometer indicates. 

Emihf. But I do not think that the thermometer rises so quickly 
in the water as it did in the ice, previous to its beginning to melt, 
though the lamp bums equally well. 

303. What is the consequence if latent and specific heat are. extri- 
cated from the body in which they are imprisoned i 

304. What is the difference between specific heat and latent Jieat? 
905. Bv what name is it thought they may both be called ? 

906a. Why does not the thermometer rise in a warm room when 
ito bulb is in a piece of ice } 

306. In what experiment may be seen the existence of latent heat? 

307. Why does the thermometer begin to rise as soon as the iee is 
qielted? 
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Mn^ B.^TThat is owing to the difierent specific heat of ice and 
water. I The capacity of water for caloric being greater than that 
of ice<4nor6 heat is required to raise its temperature, and therefore 
the thermometer rises slower in the water than it did in the ice. 

E^mHy. True ; you said that a solid body always increased its car 
pacity for heat by becoming fluid, and this is an mstance of it. 

Mrs. B, Yes ; and the latent heat is that which is absorbed in 
eonsequence of the greater capacity which the water has for heat, 
in c<Hnpanson to ice. 

I must now tell you a curious calculation founded on thai consi- 
deration. I haye before olraeryed to you Uiat though the thermo- 
meter shows us the comparative warmth of bodies, and enables us 
to determine the same point at difierent times and places, it gives 
us no idea of the absolute quantity ef heat in any body. We cannot 
tell how low it oughf to fidl by the privation of all heat, but an at- 
tempt has been made to infer it in the following manner. It has 
been found by experiment, that the capacity of water for heat, 
when -compared with that of ice /is as 10 to 9;^ so that, at the same 
temperature, ice contains one tenth of caloric less than water. By 
experiment, also, it is observed, Uiat in order to melt ice, there must 
be added to it as much heat as would, if it did hot melt it, raise its 
temperaturefUO degrees.* I This quantity of heat is, therefore, ab- 
sorlMBd, when the ice, by Heinjg converted into water, is made to 
contain one nmth nKore caloric than it did before. Therefore 140 
decrees is a ninth part of the heat contained in ice at 30 degrees ; 
and the point of zero, or the absolute privation of heat, must conse- 
quently be 1360 degrees, below 32 degrees, f 

Xhis mode of investigating so curious a question is ingenious, but 
its correctness is not yet established by sinular calculations for other 
bodies. The points of absolute cold, indicated by this method in va- 
rious bodies, are very remote from each other; it is however, possi- 
ble, that this may arise from some imperfection in the experiments. 
I ' Caroline. It is indeed very ingenious — ^but we must now attend 
to our present experiment. The water begins to boil, and the ther* 
moriieter is a^ain stationary. 

Mrs. j&. Well, Caroline, it is your turn to explain the phenome- 
non. 



*That is, water contains 140 degrees of heat more than is indica- 
ted by the thermometer. — C. 

t Thij& calculation was made by Dr. Lrvincf Dr. Crawford af- 
terwards placed the real zero at 1500 degrees nelow the of Fah- 
renheit. Still later, Mr. Dalton has turned his attention to the 
same subject. The mean of his experiment places the real zero 
6000 degrees below the freezing point. All this goes to show that 
very little has yet been demonstrated on this difficult question.^^MIJ. 

306. Why does the thermometer rise slower in the water dian it did 
in the ice ? 

309. Since a thermometer does not indicate the absolute quantity 
of caloric contained in any body, what is its use ? 

310. How much latent heat does water contain ? 

311. How much heat must be added to ice in order to melt it ? 

312. What VMS yrvpassd by Dr. Crmtfsrdf and by Dr. DaUon^ at ta 
Jumg tka real ztrof 
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OaroUne, It is wonderfolly curioue * The calorie ia haw botyia 
ehangJBg the water into steam, in which it hides iUieif, and becomea 
^sensible. This .is another example of/latent heatAprodaciii^ a 
change of form. At first it converted a solid body into a liquid^ 
and now it turns the liquid into vapor [ 

Mrs. B. You see, my dear, how easily you have become aoqoaint^ 
6d with these modifications of insenstible heat, which at first ap< 
|»eared so unintelligiMe. £If now, we were to reverse these ehaa- 
ges, and condense the yapor into water, and the water into ice, 
3ie latent heat would re-appear entirely, in the form of fire© caloricj) 

Emily. Pray do let us see the effect of latent heat x^uming W 
itts free state. 

Mrs. Bi For the purpose of showing this, we need simply con- 
duct the y^r tiirough this tube into this vessel of cola water, 
where it wi]) part with its latent heat and return to its liquid fonni^ 

Emily. How rapidly the steam heats the water ! 

Mrs. B. That is because it does not merely impart its firee caloric 
to the water, but likewise its latent heat. This method of heating 
Hquids has been turned to advantage, in several economical estab- 
lishments. The steam kitchens, which are getting in such gene- 
ral use^^re upon the same principle. The steam is conveyed through 
a pipe in a similar manner^ into the several vessels which o<Hitain 
the provisions to be dressed, where it como(kunicates to them its la^ 
tent caloric, and returns to a state of water. Count Rumford 
If&akes great use of this principle in many of his firer-places : his 
grand maxim is^ avoid iJl unnecessary waste of calpric, for which 
purpose he coi^nhes the beat in such a manner, that not a parUcleof 
it shall unnecessarily escape ; and while he economizes the firee ca- 
loric, he takes care also to turn the lateut heat to advantage. It «ijs 
thui^ that he is enabled to produce a degree of heat superior to that 
yirhich ^ obtained in common fire-places, though he en^bys less fael.j 

Emily. When the advantages of such contrivances are so clear 
and plain, I cannot understand why they are not universally used. 

Mrs. B^ A long time is always required before innovations, how- 
ever useful, G^n be reconciled with the prejudices *of the vulgar. 

Emily. What a pity it is that there should be a prejudice against 
new inventions ; how much more rapidly the world would improve 
if such useful discoveries were immediately and uniyersally adopted! 

Mrs. B. I believe, my dear, that there are as many .novelties at- 
tempted to be introduced, the adoption of which would be prejudi- 
cial to society, as there are^ of those which would be beneficial to it. 
The well-informed, though by no means exempt from error, have an 
unquestionable advantage over the illiterate, in judging what is like- 
ly or not to prove serviceable ; and therefore we find the former 
more ready to adopt such discoveries as promise to be really advaa- 
tageous than the latter, who, having no other te^t of the value of a 
novelty but time and experience, at first oppose its introduction.—; 

313. What is that heat called which produces a change of fonn>ia 
bMiies? 

314. How may latent heat be converted into free caloric ? 

315. In what experiment raa^ be seen the efi^ct of latent hettn- 
tum ing to its free state ? 

^16. What as the advaniage •f Cwmt fUunfoid's imiooTed fifo-plia* 
pes? 
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The well informed, howerer, are frequently^ disappointed in their 
most sanguine expectations, and the prejudices of the yulg»r, 
though they often retud the progress of knowledge, yet sometimea, 
it must be admitted, prevent the propagation of error. — But we are 
deviating from our subject. 

^J9^e have converted steam into water, and are now to change wa> 
ter into ice, in order to render the latent heat sensible, as it escape» 
from the water on its becoming: solid. J For this purpose we must 
produce a degree of cold that will make water freeze. 

Caroline, That must be very difficult to accomplish in this vrana 
room. 

Mrs. B, Not so much as you, think. There are certain chemical 
mixtures which produce a rapid change from the solid to the fluid 
state} or the reverse, in the substances combined, in consequence 
of which change, latent heat is either extricated or absorbed. ^ 

Emily. I do not quite understand you. 

Mrs. B. This snow and salt which you see me mix together, are 
melting rapidly; heat, therefore must be absorbed by the mixture 
and cold produced. 

Caroline. It feels even colder than ice, and yet the snow is melt- 
ing. This is very extraordinary. 

' Mrs. B. The cause of the intense cold of the mixture(is to be at- 
tributed to the change of a solid to a fluid state^ The union of the 
snow and salt produces a new arrangement of their particles, in 
consequence of which they become liquid ; and the quantity of car 
k)ric requked to eflfect this ehange, is seized upon by the mixture 
whenever it can be obtained, {This eagerness of the mixture for 
caloric, during its liquefaction, is such that it converts part of its 
own free caloric into latent heat, and it is thus that the temperature 
Ib lowered. 

EmUy. Whatever you put in this mixture, therefore, would 



Mrs. B. Yes ; at least any fluid that is susceptible of freezing at 
that temperature . I have prepared this mixture of salt and snow 
for the purpose of freezing the water from which you are desirous 
of seeing the latent heat escape. I have put a thermometer in the 
glass of water that is to be frozen, in order that you may see how it 
coob. 

Caroline. The thermometer descends, but the heat which the v^ar- 
ter is now losing is its Jiree not its latent heat. 

Mrs. B. Certainly; it does notj^art with its latent heat till it 
dianges its state and is converted into ice.l 

Emily. But here is a very extraordimiry circumstance! The 
thermometer has fallen below the freezing point, and yet the water 
is not frozen.* 



*To make this experiment striking, the glass containing the war* 
ter and thermometer ought to be kept perfectly still until the mcF- 
cury sinks below the freezing point. Then agitate the water, or 

317. How is latent heat rendered sensible P 

318. How can water be made to freeze in a warm room? O/^ ^ ^ 

319. Why is a mixture of snow and salt so intensely cold ? 
380. When does water part with its latent heat? 



Mrs, B. 'Riail m- always the case pievious to the kemhtg of Utt* 
ter when it is in a state of rest. Now it begins to congeal and yoa 
Inay ohseTTe that the thermometer again rises to the freezing point 

Carotine. It appears to me very strange that the thermometer 
should rise the very moment that the water freezes ; for it seems to 
imply that the water was colder before it froze than when in the act 
of freezing. 

Mrs. B, It is so ; and after onr long dissertation on this circam- 
stance, I did not think it wonld appear so surprising to you. Re- 
fleet a little/ and I think you will discov^ the reason of it. 

Caroline. It must be, no doubt,(the extraction oi latent heat, at 
the instant the water freezes, which raises the temperature.) 

Mrs. B. Certainly ; and if you now examine the thermometer, 
you will find that its rise was but temporary, and lasted only dih 
rffig the disengagement of the latent heat-^now that aU the water 
is frozen, it falls again, and will continue to fal), till the ice and 
mixture are all of an equal temperature. 

Emily. And can you show us any experiments, in which liquids^ 
by being miited, become soHd and disengage latent heat ? 

Mrs. B. I could show you several, but you are not yet sufficiently 
advanced to understand them well. I shall, however, try one, which 
will afford yon a striking instance of the fact. ^ The fluid which you 
see in this phial, consists of a quantity of a certain salt called munat 
of lime, dissolved in waAer. Now, if I pour into it a few drops of 
this other fluid, called sulphuric acid, the whole, or very nearly the 
whole, will be instantaneously converted into a solid mass./ 

Emihf. How white it turns! I feel the latent- heat escaping; for 
the bottle is warm, and the fluid is changed to a solid white sub- 
stance, hke chalk ! * 

Caroline. This is, indeed, the most curious experiment we have 
seen yet. But pray what is that white vapor wMch ascends from 
the mixture ? 

Mrs. B. You are not yet enough of a chemist to understand that. 
But take care, Caroline^ do not approach too neaf it, for it has a 
Very pungent smell. 

I shall show you another instance , similar to that of the water, 
which you observed to become wanner as it froze. (1 have in this 
phial a solution of a salt called sulphat of soda, or Lrlauber's salt, 
made very strong, and corked up when it was hot, and kept without 

drop into it a small piece of ice, and it instantly shoots into crystalBi 
and the thermometer rises.— -C. 

\The sulphuric acid, by its stronger affinity for the lime, takes it 
from the muriatic acid, unites with it, and forms sulphate of lime. 
The solidity is owing to the insolubility of this kist substance in wa- 
fer. The experiment succeeds well, if the water is saturated witlt 

the muriale---C. j 

.-J ^ « .*— . — 

321 . Why does water become colder before freezing thaD it is in the 
act of freezing ^ 

322. What example can you give of liquids becoming solid, by heio^ 
mixed, and disengaging latent heat P 

323. How is this effect accounted for, in the note? 

324. What other mstance of the extrication of latent heat is given, 
and how is it produced ? 



iiMution, till it became cold, as yon may feel the phial is. Now 
when I take out the cork, and let the air fall apon it, (for t>eitig 
closed when boiling, there was a vacuum in the upper part,) o^ 
senre that the salt will suddenly crj^tallize.J 

Caroline, Surprising! how beautifully t'lre ueedtes t)f saH Intve 
shot through the who& phial ! 

Mrs. B. Yes, it is very remarkable ; but ptay do not forget the 
object of the experiment. Feel how warm the |>hial has beeome 
by the conversion of part of the liquid into a solid. 

Emily. Quite warm, I declare ; this is a most curious experiment 
of the disengagement of latent heat. 

Mrs. ^^The slaking of lime is another remarkable instance of 
the extrication of latent heat.) Have you never observed how 
qoick-lime smokes, when water is poured upon it, and how much 
heat it produces ? 

Caroline. Yes; but I do not understand what change of state 
takes (ilaoe in the lime that occasions its giving out latent heat : for 
the quick-lime, when it is solid, is (if Icecollect right,) reduced to 
powder by this operation, and is, therefore, rather expanded than 
condensed. 

Mrs, B,^ is from the water) not the lime, that the latent heat is 
set free. The water incorporates with, and becomes solid in the 
lime; in consequence of which the heat which kept^it in a liquid 
state is disengaffed, and escapes in a sensible form. 

Qxroline, I always thought that the heat originated in the lime. 
It seems very strange that water, and cold water, too, should con- 
tain so much heat. 

Emily, After this extrication of caloric, the water must exist in 
a state of ice in the lime, shice it parts with the heat which kept it 
liquid. 

Mrs. B, It cannot properly be called ice, since ice implies a 
degree of cold at least equal to the freezing point. Yet, as water, 
in combining with lime, gives out more heat than in freezing, it 
nuist be in a state of still greater solidity in the lime than it is in tfao 
Ibm of ice ; and you may have observed that it does not moisten or 
liqttef^ the lime in the smallest degree. 

JBnuk. But, Mrs^ B. the smoke that rises is white ; if it was only 
pvie ealoricwhich escaped, we might feel, but could not. see it. 

A^. ^.(This white vapor is formed by some of the particles Of 
lime in a state of fine dust, which are carried off by the caloric. ] 

'£mibf(la all changes of statei then^ a body either absorbs or 
disengages latent heat. ^ 

Mrs, B, You cannot exaetly say «E6wr6s latent heat, as the heat 
%eotale»> latent only on being confined in 4he body: but you may 
say, generally, that bodies in passing from a solid to a liquid form, 
or from the liquid state to that of vapor, absorb- :heat: and ^at 
w hen the yoveroo tak es pl a c e heat is d is en gago d.* 

^TOsruIe, if not iknivetaal, adatftsof 'very 4bw'«lKoepdoiw. 

W. iVf liai oUwr instanse w ne«lioiisd>of <tiw ezlrisataon :of italent 
heat? 
4te. WlX»iiM^pNMe4stils:iMttiD'ith0!ttUi^p«f*ltnM? i 

W, Why is the smoka that rises in the slakmgoi&liBMiflvUtif 

»8. When do bodies ab«>rb heat? 

WhsB is heat disengsfed ? 
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Jfott^. We can now, I think, aoooont for the ether boiling, and 
the water fiseezing in yacuo, at the same temperature.* 

Mrs. B. Let me hear how )rou explain it ? 

Emily, The latent heat which the water gave out in freezing, 
ws^ immediately abeorbed by the ether, during its conversion into 
▼apor; and therefore from a latent state in one liquid, it passes 
into a latent state in the otber. 

Mrs. B. But this only partly accounts for the result of the ex- 
periment ; it remains to be explained why the temperature of the 
ether, while in a state of ebullition, is brought down to the freezing 
temperature of water. (It is because the eUier, during its evapora- 
tion, reduces its own temperature, in the same proportion as that 
of the water by converting its free caloric into latent heat ; so that 
though one liquid boils, and another freezes, their temperatures 
remain in a state of equUibrium. j 

Emily. But why does not water, as well as ether, reduce its own 
temperature by evaporating ? 

Mrs. B. ^The fact is, that it does, though much less rapidly than 
ether. Thus, for instance, you may often have observed, in the heat 
of summer, how much any particular spot may be cooled by wateiv 
ing, though the water used for that purpose be as warm as the air 
itself. Indeed so much cold(may be produced by the mere evapora- 
tion of waterJthat the inhabitants of India, by availing themselves 
of the most lavorable circumstances for this process which their 
warm climate can afibrd, namel}^the cool of the night, and situations 
most exposed to the night breeze^succeed in causing water to freese 
though the temperature of the ur be as high as 60 degrees. The 
water is put into shallow earthen trays, so as to expose an extensive 
surface to the process of evaporation, and in the morning, the water 
is foimd covered with a Ihin cake of ice, which is collected in suffi- 
cient quantity to be used for purposes of luxury. 

Caroline. How delicious it must be to drink liquids so eold in 
these tropical climates ! But, Mrs. B., could we not try thai ex- 
periment ? 

Mrs. B. If we were in the country, I have no doubt but that we 
should be able to freeze water, by the same means, and under simi- 
lar circumstances. But we can do it immediately, upon a small 
scale, in this very rootn, in which the thermometer'stands at 70 de- 
grees. For this purpose we need only^ace some water in a little 
cup under the receiver of the air pump,yrig. 8, and exhaust the air 
from it. What will be the consequence, Caroline ? 

Caroline. Of course the water will evaporate more quickly, since 
there will no lon^r be an atmospherip pressure on its sur&oe ; but 
will this be sufficient to make the water freeze ? 

Mrs. B. Probably not, because the vapor will not be carried off 

• See page 66. 

329. Why does water freeze and ether boil in vacuo ? 
390. Why does the ffroond become coole^ by watering in sonuner, 
thoogh the water used De as warm as the air itself ? 

331. How is ice oflen produced in India, where the tempeiatnie is 
not below 60 degrees ? 

332. How is water made to fiteeie under a glsM leeeiver, as iOm' 
trated in figon 8? 



oMrBtnKD ejLiMkfOk 



tet MMMigh ; but Ihift wlH be accomplished withoat diificalty/if we 
introdiice into the leeeiver, fig. 8, in a saucer, or other larfire shift 
lowTesBel, aomefixtong sulphuric acid, a subertanoe which hajtta 
fiett attraction for wator, whether in the form of vapor, or in th« 
fiqHid etaile. Hiis attraction is such that the acid will instantly ab*- 
sorb the moisture as it rises from the water, so as to make room (bf 
Fig.3, 




8. Tbe air pamp mad receiver for Mr. Leslie's experiment. C. m mucer with sol- 
Irimric acid. B. a glass or earthen cup containing water. D. m stand for the cnp 
witb Hi legs made of glass. A. A. Thermometer. 

the formation of fresh vapor ; this will of course hasten the process, 
and the cold produced from the rapid evaporation of the water, will 
in a few minutes, be sufficient to fireeze its surface^ We shall now 
eihaust the air from the receiver. ^ 

Emikf, Thousands of small bubbles already arise through thos 
water from the internal surface of the cup ; what is the reason of 

Afr^l^Mpieoe are bub|)Ies of air which were partly^aUached to 
the vessel^MithTpartly diffused to the water itself; andjhey expand 
and rise in ccHisequence of the atmospheric pressure being removed.^ 

Caroline. See, Mrs.,B. ; the thermometer in the cup is sinking 
fast ; it has already descended to 40 degrees ! 

£bttl^. The water now and then violently agitated on the surface 
as if it were boiling ; and yet the thermometer is descending fasti 

Mn, B. You majT call it baUins- if you please, for this appeaii>- 
afice is, as weH as boiling^owing to the rapid formation of vaporj) 
but here, as you have just observed, it takes place from the suriacflf 
for it is only when heat is applied to the bottom of the vessel that 
the vapor is formed there .-^Now crystals of ice axe actually riioot- 
ng au ovw the sur&ce of the water. 

* This experiment was first devised by Mr. Leslie, and has since 
heea modified in a variety of forms. 

333. When the air is eihausted from the receiver, why do 
rite thxDuffh Uie Water firOm the internal surface of the cup f 

334. Why does the wafer appear as if boDfiibg ? 
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OcaroUne. How beantifiil it is ! The sui&ee is now entbeif 
firozen — bat the thermonieteT remains at 32 degrees. 

Mrs, B. And so it will, conformably with our doctrine of latent 
&eat/ until the whole of the water be frozen^ but it will then again 
begins descend lower and lower,^ cons^nence of the evaporar 
tion which goes on from the sur^uw of the ice.) 

EnUfy. This is a most interestiuji^ experinrent ; but it would be 
still more striking if no sulphuric acid were required. 

Mrs. B, I will show you a freezing instrument, contriyed by Dr. 
Wollaston, upon the same principle as Mr. Leslie's experiment, by 
which water may be frozen b^ its own eyaporation alone, without 
the assistance of sulphuric acid. 



Fig. 9. 



^ 



Fig. 10. 



Dr. Wollttston'i Cryophonia. 

This tube which as you ^ ■ 

see is terminated at each r ^ ^^^ 

extremity by a bulb, one r\ 
of which is half full of wa- ^i^ 
ter, is internally, perfectly ' ^ 

exhausted of air ; the consequence of this is, that the water in the 
bulb, is always much disposed to evaporate. This evaporation, how- 
ever, does not proceed sufficiently fast to freeze the water ; but if 
the emptv ball be cooled by some artificial means, so as to condense 
quickly the vapor which rises from the water, the process may be 
thus so much promoted as to cause the water to freeze in the other 
ball. Br. Wollaston has called this instrument Oryophorus. 

Caroline, So that cold 
seems to perform here 
the same part which the 
sulphuric acid acted in 
Mr. Leslie's experimeht. 

xMrs, B, Exactly so ; 
but let us try the experi- 
ment. 

Emily. How virill you 
cool the instrument ? 
You have neither ice nor 
snow. 

Mrs. B. True; but 
we have other means of 
efiiKsting this.* You re- 
collect what an intense 
cold can be produced 
by the evaporation of 
ether in an exhausted 
receiver. We shall in- 




No. 3. (Fig. 10.) Dr. Marcet*! mode of wiag ttt 

Cryophonif. No. 1, and 2, the diflerent puti 

of No. 3, seen •epante. 



*This mode of making the experiment was proposed, and the 
particulars detailed, by Dr. Maroet, in the 34th Toi. of Nicholson's 
Journal, p. 119. 

335. How long will this experiment in the thermometer remain ti 
3S dMprees, or at the freezing point ? 

336. Why will it begin and continue to descend as soon as all thv 
water IB frozen ? 337. What is the object of figures 1, 2^ and 3? 
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dose the bulb in this little bag- of fine flannel, (Fig. 1,) then soak 
it in ether, and introduce it into the receiver of the air pump, (Fig. 
3.) For this purpose we shall find it more convenient to use a cryo- 
phorus of this shape, (Fig. Si,) as its elongated bulb passes easily 
through a brass plate which closes the top of the rieceiver. If we 
now exhaust the receiver quickly, you willsee in less than a minute, 
the ^ater freeze in the other bulb oht of the receiver. 

Erniiy, The bulb already looks quite dim, and small drdps of 
water are condensing on its surface. 

CaroUne, And now crystals of ice shoot all over the wa^r. 
This is indeed a very curious experiment ! 

Mrs. B. You will see, some other day, that, by a similar method, 
even quidtsilver may be frozen. But we cannot at present indulge 
in any further digression. 

Having advanced so far on the subject of heat, I may now give , 
you an account of the calorimeter,(an instrument invented by 
Lavoisier, upon the principles just explained, for the purpose of 
estimating the specific heat of bodies, i It^consists of a vessel, the 
inner surface of which is lined with ice, so as to form a sort of 
hollow globe of ice, in the midst of which the body, whose specific 
heat is to be ascertained, is placed. The ice absorbs caloric from 
this 'body, till it has brought it down to the freezing point ; this 
caloric converts into water a certain portion of ice which runs out 
through an aperture at the bottom of the machine ; and the quantitT 
of ice changed to water, is a test of the quantity of caloric which 
the body has given out in descending from a certain temperature to 
the freezing point. J 

Caroline. In thi/apparatus, I suppose, the milk, chalk, and lead, 
would melt different quantities of ice, in proportion to their differ- 
ent capacities for caloric. 

Mrs. B. Certainly ; and thence we are able to ascertain, ,with 
precision, their respective capacities for heat. But the calorimeter 
affords us no more idea of the absolute quantity of heat contained 
in a body, than the thermometer ; for though by means of it we 
extricate both the free and combined caloric, yet we extricate them 
only to a certain dfegree, which is the freezing point; and we 
know not how much they contain of either below that point. 

Emihf. According to the theory of latent heat, it appears to me 
that the weather should be warm when it freezes, and cold in a thaw; 
for latent heat is liberated from every substance that it freezes, and 
such a large supply of heat must warm the atmosphere ; whilst du- 
ring a thaw, that very quantity of free heat must be taken from the 
atmosphere and return to a latent state in the bodies which it thaws. 

Mrs. B. Your observation is very natural ; but consider that in 
a frost the atmosphere is so much colder than the earth, that all the 
caloric which it takes from the freezing bodies is insufficient to raise 
its temperature above the freezing pmnt \ otherwise the frost must 
cease. But if the quantity of latent heat extricated does not destroy 
the frostjpt serves to moderate the suddenness of the change oi 

3.38. Can qaicksilver be frozen ? r^<L-*- 

3%). What is the calorimeter, and what is its use .' 

340. Of what does it consist ? 

341. Does the calorimeter indicate the absolute quantity of heat 
contained in i^ body .' - V ; eT 

342. What effect is produced on the temperatare of the atmospherp 
■J the attraction of latent heat from the winter frosts .' 



lempeiatuie uf the atmosphere, at' the commencemmt bothof fioiC 
aod of a thawJ In the first instance, its extrication diminishes thv 
jeverity of the cold ; and in the latter, its absorption modeiatee the 
warmth occasioned by a thaw ; it even sometimes produces a 
4i^oemible chill, at the breaking up of frost. 

CaroUne. But what are the general causes that produce those 
audden changes in the weather, especially from hot to coU, which 
^e often experience ^ 

Mrs, B. Phis question would lead us into meteorologieal discoa' 
■ions, to which I am by no means comnetent. One circumstance, 
(lowever, we can, easily understand. When the air has passed over 
pold countries, it will proiKibly arrive here at the temperature mudi 
heUoyf our own, and then it must absorb heat from every object vt 
meets with, which will produce a general fall of temperature. 

Caroline, But pray, now that we know so much of the effects of 
heat, will you in&rm as whether it is really a distinct body, or, as 
I have hesurd, a peculiar kind of motion produced in bodies? 

Mrs, B, As I haye before told you, there is yet much uncertain- 
ly ask to the nature of these subtle agents. >But I am mclined to 
consider heat not as a mere motion/but as a separate substance J late 
experiments,, too, appear to make^it a compound body, comistin^ 
of the two electricities ; and in our next conversation I shall in&na 
f ou of the principal £ftcls upon which that opinion is founded. 
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eir THK CBEMICAL JLtiFKNClES OF KLBCTRICITT.^ 

Mrs, B, Before we proceed further, it will be necessary to gite 
jou some account of certain properties 6f electricity, which hare 
«f late years been discovered to have an esscmtial connexion with 
the phenomena of chemistry. . 

Caroline. It u(i:jlj:ctricity Af I recollect right, whieh- eomes 
lext in our list oAesmpIe substanees ? 

Mrs, B. t have placed electricity in that list, rather from the ne- 
aessity of classing it somewhere, than from an^ conviction that it has 
$. right to that situation ; for we are as yetso ign^antof itsinthnate 
nature, that we are unable to determine, not onljMvhether it is sim- 
ple or compound, but whether it is in fact a material agent ; or as 
oir H. Davy has hinted, whether it may not be oherely a property 
inherent in matter./ As, however, it is neeessary to adopt some 
bypothesis for the explanation^ of the discoveries which this agent 
has enabled us to make, I have chosen the opinion, at present most 
prevalent, which supposes the existence of ^wo kinds V)f electricity, 
distinguished by the name o^posUivehnd negiUive^l^tncity, 

^ * fPhe electrkity extracted by the metals is eommealy ealled 
Galvanismj 

343. What is heat now supposed to be ? 

344. What subject is to be oonsidered in this conversation ? 

345. What are the uncertainties as to the nature of electricity f 
34(>. How many kinds of electricity are then i 

347. What are they called? 
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CaroUne. WeU, I must confess, I do not feel nearly bo interosted 
ID a scienoe in which so much uncertainty prevails as ii^ those 
which rest upon established principle?. I never was fond of eleo- 
tiieity, because, however beautiful and curious the phenomena it 
exhibits may be, the theories, by which they were explained, ap^ 
peared to me so various, so obscure and inadequate, that I always 
lemained dissatisfied. I was in hoped that the new discoveries m 
electricity had thrown so great a light on the subject, that every 
Ihinff respecting it would now have been clearly explained. 

Mrs. B. That is a point which we are yet far from having at- 
tained. 3ut, in spite of the imperfection of our theories, you will 
be amply repaid by the importance and novelty of the subject. The 
number of new facts which have already been ascertained, and the 
immense prospect of discovery which has lately been opened to us, 
will, I hope, ultimately lead to a perfect elucidation of this branch 
of natural science; but at present you must be contented with 
Btadying the effects, and in some degree explaining the phenomena, 
without aspiring to a precise knowledge of the remote cause of 
electricity. 

You have already obtained some notions of electricity ; in our 
present conversation, therefore, I shall confine. m3rs^f to that part 
of the science which is of late discovery, and is more particularly 
connected with chemistry. 

It was a trifling and accidental circumstance which first save rise 
to this new branch of physical science. CjBalvani, a professor of 
patoral philosophy at Bologna, being engaged (about 20 years ago) 
in some experiments on muscular irritability, observed that When a 
piece of metal was laid on the nerve of a frog recently dead, whilst 
the limb supplied by that nerve rested upon some other metal, the 
limb suddenly 'moved, on a communication being made between the 
two pieces of metal.j 

Emily. How is th& communication made ? 

Mrs. B. Either by bringing the two metals into contact, or by 
connecting thpm by means of a metallic conduclor.^ But without 
sabjecting a £rog to any cruel experiments, I can easily make ^ou 
sensible of this kind Of electric action. (Here is a piece of zme, 
(one of the metals I mentioned in the list of elementary bodies) — 
put it under your tongue, and this piece of silver upon your tongue, 
aud let both the metds project a little beyond the tip of the tongue 
—very well; now make the projecting parts of the metals touch • 
each other, and you will instantly perceive a peculiar sensation. J 

Emily. Indeed I did; a singular taste, and I think a degree of 
heat ; but I can hardly describe it. 

Mrs. B. The action of these two pieces of metal on the tongue 
is, I believe, precisely similar to that made on the nerve of a frog^ 
I shall not detain you by a detailed account of the theory by which 
Galvani attempted to explain this fact, as it was soon overturned 

I 348. What is the difference between electricity and Galvanism f 
S. 349. From whom did Galvanism derive its name ? 
, ^350. What gave rise to the branch of physical science called Gal- 
I vanism ? 

351. What simple experiment is mentioned/ that can be made upon 
ue tongue to illustrate this subject .' 
8* 



nilweqiient experiments, which prared that Gahanism f the same 

B new power nad obtained) was nothing more than deetrioitj. 
€kJTaii|[^8nppo8ed that the virtue of this new aeent residbd in die 
lierfes of the frog'S but YoHa, who prosecated this subject with 
much greater socom, showfMi that the phenomena did not depend 
•n the organs of the frog/put upon the electrical aprency of the 
metals, which is excited by' the moisture of the animaly the organs 
#f the froff being only a delicate test of the presence oS electric 
mfluence./ 

Caro&ne. I suppose, then, the saliva of the mouth answers the 
same purpose as the moisture of a frog, in exciting the electricitf 
•f the pieces of silver and zinc, with which Emily tried the expen- 
ment on her tongue ? 

Mrs, B, Precisely. It does appear, however, neeessaiT that 
the fluid used for this purpose should be of animal nature. Water, 
and acids very much diluted by water, are found tobe the most ef- 
fectual in promoting the dev^opement of electricity in metals; and 
accordingly the original apparatus which Yolta first constructed for 
' this purpose consisted of a pile or succession of plate^of zinc and 
eop])er,)each pair of which was connected by pieces of cloth or pa- 
per impregnated^vnth water ; and this instrument, from its OTig[inaI 
uconvenient structure and limited strength, has gradually arrived 
at its present state of power and improvement, such as exhibited in 
the Voltaic battery. In this apparatus, a specimen of which you 
see before you, t Fig. 11. ) 

the plates of zkic _ Voltaic Battery^ 

and copper are 
•olderedtogether 
ill pairs, each 
pair bemg placed 
at regular distan- 
ees in wooden 
troughs and the 
interstices being 
filled with fluid. 

Caroline,. Though you will not allow us to ''inquire into the i 
eise cause of electricity, may we not ask in what manner the fluid 
acts on the metals so s^ to produce it 1 

Mrs, B, The action of the fluid on the metals, whether water or 
acid be used, is entirely of a chemical nature ► But whether elec- 
tricity is excited by this chemical action, or whether it is produced 
by the contact of the two metals, is a point upon which i^ilosophei» 
do not yet perfectly agree. 

*' Emiiy, But can the mere contact of two metals, without any in* 
terveninff fluid, produce electricity ? 

Mrs,B, Y^s, if they are afterwards separated. Itisanestablish- 

358^. How did Galvani account for the moving; of the Umb oa a 
eommunication being made between the two metals? 
363. What was the true cause of it? 

3m; What metals are used in the production of Galvanic aotkta? 
W« Which .figure represents a Voltaic batteiy ? , 
3HL Ckn gahrinism he produced without watec? ' . ■' ) 




ed &et,^at wlien two metals are put in bofitaet, and al^rwaHb 
separated^ that which has the strongest attraction for oxygen ex- 
hibits si^s of positive, the other of negative electricity J/ • 

Carohne, It seems, then, but reiisonable to infer that the power 
of the Voltaic battery should arise from the contact of the plates of 
zinc and copper. 

Mrs,B. it in upon this principle thatCVoka and SirH. Davy i 
explain the phenomena of the pile ; but notwithstanding these two 
^at authorities, many philosopher entertain doubts of the truth 
of this theory. The chief difficulty which occurs in explaining the 
phenomena of the Voltaic battery on .this principle, is that two sudi 
plates show no si^ns of difierent states of electricitr whilst in con- 
tact, hit only on being separated afler contact. Now, in the V<^ 
talc battery, those plates that are in contact, always continue so, 
being soldered. together; and they cannot, therefore, receive a suc- 
cession of charges. Besides, if we conader the mere disturbance 
of the balance of electricity by the contact of the plates, as the sole 
cause of the production of Voltaic electricity, it remains to be 
explained how this disturbed balance becomes an inexhaustible 
aouTce of electfical ener^, capable of pouring forth a constant and 
copious supply of electrical fluid, though without any means of 
replenieihing itse^ from other sources. This subject it must be 
owned, is involved in too much obscuritylo enable us to speak very 
decidedly in favor of any theory.. But in order to avoid perplexing 
yott with difierent explanations, I shall confine myself to one which 
appears to me to be least encumbered with difficulties, and most 
likely to accord with truth.* 

This theory supposes the electricity to be excited by the chemi^ 
cal action of the acid on the zinc ; but you are yet such novices in 
chemistry, that I think it will be necessary to give you some previ- 
m explanation of the nature of this aotion. 
fAll metals have a strong attraction for oxygen ;j and this element 
is found in great abundance, both in water and in acids. The 
action of the diluted acid on the zinc consists, therefore, in its 
ojjg&k combining with it, and dissolving its surface. 

Qiroline, In the same manner, I suppose, as we saw an acid dis- 
•dve copper. 

Mrs. B. Yes ; but in the Voltaic battery, the dilutedjicid is not 
strong enough to produce so complete an effect ; it acts only on the 

*This mode of explaining the phenomena. of the Voltaic pile is 
called the chemkal th^pry of electricity, because it ascribes the 
cause of these phenomena to certain chemical changes which take 
I^aoe during their appearance. The mode which is here sketched 
was long since suggested by Dr. Boetock, who has lately, (181d) 
published "An account of the History and present state of Galvanr 
urn;" which contains a fuller and more complete statement of his 
opinions and those of other writers on the suoject, than any of his 
lomier papers. 

357. What established fact in gaYvanic experiments is mentioned? 

358. What two chemists have explained the phenomena of the VoU 
Me battery, as proOeedinff aolelv from the contact of the two metals ? 

359. For what hate alimetidji strong attraction ? 
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(Rufaee of the zinc, to ivliich it yields, its oxygen, fonning npon h& 
film or crust, which is a compound of the oxygen and 'the metal. 

Emily. Since there is so strong a chemical attraction betweeo 
oxygen and metlds, I suppose they are naturally in different states 
of electricity. 

Mrs. B. Yes ; it appears that all metals are united with the 
positive^and that oxygen is the grand source of the negative eleo- 
tricityJ 

Ca/oline. Does not, then, the acid act on the plates of copper, 
as well as on those of zinc ? * 

Mrs. B. No;abr though copper has an aflinity for oxygen, ijis 
less strong than that of zinc/ and therefore Uie enei^y of the add 
is only exerted upon the zinc. 

It will be best, I believe, in order to render the action of the 
Voltaic battery more intelligible, to confine our attention, at first to 
the efiTect produced on two plates only. (Fig. 12.) 
/If a plate of zinc be placed opposite to one of copper, or Fig. 12. 
ahy other metal less attractive of oxygen, and the space Voltaic 
between them (simpose of half an inch in thickness,) be ^'to»y- 
filled with an acid or any fiuid capable of oxydaiing the .2. ^ 
zinc, the oxidated surface will have its capacity for ele&> 
tricity diminished, so that a quantity of electricity wiU be 
evolved from that surface. This electricity will be received 
by the contiguous fluid, by which it will be transmitted S 
to the opposite metallic surface, the copper, which is not $| 
oxydated, and is therefore disposed to receive it ; so that 
the copper plate will thus become positive, whilst the zinc 
plate wUl be in the^ negative state, i 

This evolution of electrical fluid/ however, will be very 
limited ; for as these two plates admit of but very little 
accumulation of electricity, and are supposed to have no commu- 
nication with other bodies, the action of the acid, and farther 
developement of electricity, will be immediately stopped. 

Enrny. This action, I suppose, can no more continue, than that 
of a common electrical machine, which is not allowed to oommiini- 
cate with other bodies ? 

Mh. B. Precisely /the common electrical machine when ex- 
cited by the friction of the rubber gives out both the' positive and 
negative electricities. (Fig. 13.) The positive, by the rotation of the 
glass cylinder, is conveyed into the conductor, whilst the negative 
ffoes into the rubber^ But unless there is a communication made 
between the rubber and the ground, a very inconsiderable quantity 

* The acid acts upon the copper, but not so strongly as on the 
zinc. Any two metals, one of which has a stronger attraction for 
oxygen than the other, will form the galvanic series.- 




360. What is th^ grand source of negative electricity? 

361. Why in t^e Voltaic battery is the energy of the action exerted 
. only upon the zinc ? 

do2. How would you explain the principle of the Voltaic battery by 
Fiff. 12? 

363. How would you describe the mode of collecting electricity in 
the common electrical machine ? 

364. Why most the rubber be connected with the ground ? 



of efeotrid^ 9«i b« excited ;{£>r' the robber, Uke the plates ef Hie 
batteiy, has too email a edacity to admit of an aceamalatioii of 
(kctncity.J Unlesa, therefore, the electncity eau pase out of the 
rubber, it 'will not eoniinae to go into it, and consequently, no ad- 
ditional aecumulations will t^e place. Now, as oae kind of elee^- 
tricitj cannot be ^ven out without the other, the dereloperaent of 
the positive electnci^is stopped as well as that of the ne^atiye, and 
the conductor, thereK>re, cannot receive a succession of diargee. 

]^g. 13. ■ Electrical Machine. 




9I|.]& A the Cytinder. B the Conductor. fttbeKnbber. OtheCbiItt* 

Caroline, But does not the conductor, as well as the rubber^ 
require.a communication with the earth, in order to^get rid of ite 
electricity? \ 

Mrs, B. No ; foi{it is susceptible of receiving and containing a 
considerable quantity of electricity, as it is much larger than the 
nibber, and therefore has a greater capacity ; and this continued 
accumulation of electricity in the conducted, is what is called a 
charge. J 

iSfdty/ But when an electrical machine is furnished with twa 
conductors to receive the two electricities,^! suppose no commum- 
' cation with the earth is required ? 

Mrs. B, Certainly not, until the two axe fully charged ; for the 
two conductors will receive equal quantities of electricity. 

Caroline. I thought the use of the chain had been to convey the 
electricity from the gtomid into the machine. 

Mrs. B. That was the idea of Dr. Franklin, whq/siipposed that 
there was but one kind of electricityj^aBd who by the terms posi- 

365. What is ealled a charge, in the use of the common electrical 
machine ? ' 

366. What was Dr. FraakUn's opinioa eeneeraiDg e]ectrieity ? 
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tive and negathre (wbicli be first introdaeed,) meant only diflerest 
quantities of the same kind of electricity.* Tlie chain was in that 
case (supposed to convey electricity /rom the ground through the 
rubber mto the conductor. ) But as we hare adopted the hypothesis 
of two electricities we must consider the chain as a vehicle to con- 
duct the negative electricity into the earth. 

Emily. And are both kinds produced whenever eiectricaty is 
. excited ? 

Mrs, B. Yes, invariably. If you rub a tube of glass with a wool- 
len cloth, the glass becomes positive, and the cloth negative.f If 
on the contrary you excite a stick of sealing wax by the same means, 
it is the rubber which becomes positive, and the wax negative. 

But with Tegard to the Voltaic battery, in order that the acid may 
act freeljT on the zinc, and the two electricities be given out without 
interruption C some method must- be devised, by which the plates 
may part with their electricities as fast as they receive them, j Can 
you think of any means by which this might be eflfected ? ^ 

Emily. Would not two chains or wires suspended from either 
place to the ground, conduct the electricities mto the earth, and 
thus answer the purpose ? 

Mrs. B. It would answer the purpose of carrying off the electii- 
city, I admit, but recollect, that though it is necesssry to find a vent 
for the felectricity, yet we must not lose it, since it is the power we 
are endeavoring to obtain. Instead, therefore, of conductmg it into 
the ground, let us mak^ the wires from either plate meet ;^he two 
electricities will thus be brought together, and will combme and 
neutralize each other^ and as lon^ as this communication continues, 
the two plates having a vent for their respective electricities, the 
action of the acid will go on freely and uninterruptedly. 

Emily. That is very clear, so far as two plates only are concerned; 
but I cannot say I understand how the energy of the succession of 
plates, or rather pairs of plates, of which the Galvanic trough is 
composed, is propagated and accumulated throughout a battery. 

* The idea of Dr. Franklin was, that the positive state* consisted 
in the presence, or accumulation of the electric fluid, and that the 
negative was merely its absence or diminution. Hence the terms 
used by him to indicate these states were positive and negative. In 
this chapter, Mfs. B. has used these terms of the Amencan Philo- 
sopher improperly, for plvs and minus were never meant to signify 
two sorts of electricity, but only its presence or absence. Where 
authors have adopted bufay's theory of two electricities, they hare 
used the term vitreoits and resinous. — ^C. 

f Most probably, because the glass takes the electric fluid flx)m 
the cloth. Indeed we conceive th^e is about the same reason for 
believing that the negative state is the absence of the electric fluid, 
a& there is for believing that cold is the absence of heat. — C. 

367. What is the use of the chain in the common electrical machine? 

366. Are negative and positive electricities always produced, when 
electricity is excited .'* ''^^',' C • 

' 369. What is necessary in the Voltaic battery, that the two electrki* 
ties be ffiven out without interruption ? 

370. in what manner do two pieces of wire produce this efiect? 



SKSOTEO-CHXMISTftT. 



91 




Mrs, B, In order to sho^ you how the intensity of the electridty 
is increased by increasing the number of plates, we will examine 
the action of four plates ; if you understand these, you will readily 
comprehend that of any number whatever. 

^ ' ' Fig. 14.y Voltaic Battery. 

\Jji this figure you will observe that the 
two central plates are united ; they are 
soldered together, (as we observed in de- 
scribing the Voltaic trough,) so as to form 
but one plate, which offers two different 
surfaces ; the one of copper, the other of 
zinc. J 

Now you recollect,Uhat, in explaining 
the action of -two plates, we supposed 
that a quantity of electricity was evolved 
from the surface of the first zinc plate, in - 
consequence of the action of the acid, and 
was conveyed by the interposed fluid to the copper plate No. 3, 
which thus became positive. This copper plate communicates its 
electricity to the contiguous zinc plate, No. 3, m which, conse- 
quently, some accumulation of electricity takes place. When, 
therefore, the fluid in the next cell acte upon the zinc plate, elec- 
tricity is extricated from it in larger quantity, and m a more con- 
centrated form than before. This concentrated electricity is a^ain 
conveyed by the fluid to the next pair of the plates. No. 4 and 5, 
when it is further increased by the action of the fluid in the third 
cell, and so on, to any number of plates, of which the battery may 
consist, so that the electrical energy will continue to accumulate in 
proportion to the number of double plates, the first zinc plate of 
the series being the most negative, and the last copper plate the 
most positive J" v 

Caroline, ^ut does the battery become more and more strongly / 
charged merely by being allowed to stand undisturbed ? 

Mn, B. No : for the action will soOn stop, as was explained be- 
fore, unless a vent be given to the accumulated electricities. This 
is easily done, however, by establishing a communication by means 
of the wi^s (See Fig. 11,) between the two ends of the battery ; 
these being ^brought into contact, the two electricities meet and 
neutralize each ot'ier,. producing the shock, and other effects of 
electricity : and the action goes on with renewed ener^, beinff no 
longer olxrtructed by the accumulation of the two electricities which 
im^ed ite progress. 

Emiiy, It is the union of the two electricities which produces the 
electric spark ? 

Mrs. B. Yes ; and it is, I believe, this circumstance which gave 
lise to Sir H. Davy's opinion^at caloric may be a compound of 
the two electricities. J 

Carolme. Yet, surely, caloric is very diflferent from the electrical 
spark? 

Mrs. B. The difference may consist, probably, only in intensity ; 

371. How would you explain figure 14 ? 

373. How would you explain fi^re 14. which lepresents the Vdtaio 
"•*tery, so as to produce the electric spark ? 
373. Whatdoes Sir H. Davy suppose caknriotobe? 



' Ibr ibB 1i«at of liie deetrie «paarl(}9 ooBaideialil}^ auwe : 
tlum^ confined to a very miiuits epo/tJikut wy heat we oaa piv- 
diice br other meiffis. 

.K^mtl^. Is it quite certain liMf the eleetncity of the Voltaic battny 
IB precisely of the same nature as that of the common electrical 
machine! 

/ Mrs, B. Undottbtedly ;(lite shock given to the human body,^ 
spark, the circumstance of the same sulkstanoes whieli ate iMh 
ductors of the one, being also conductors of the other,* and of thtte 
bodies, such as glass amd sealing wax, which are Bon-«ondactoi8 
of the one, bein^ also non-conductors of the other, are striking 
proofs of it. Besides, Sir H. Davy has shoWn, in his Lectures, that 
a Leyden jar, and a common electric battery, can be charged with 
electricity obtained from a Voltaic battery, the effect prodn^ beaig 
perfectly similar to that obtained by a common machine. 

Dr. Wollaston has likewise proved, that camilar chemical decon- 
positions are effected by the electric machine and by tlie Vdtaic 
battery ; and has made other experiments which render it highly 
probable, that the origin of both eiectheities is essentially the same, 
as they show that the rubber of the common electrical machine, 
Kke the adnc in the Voltaic battery, produces the two ekctridtieB, 
(]by combining with oxygen.^ 

Caroline, But I do not see whence the rubber obtains oxygen, fer 
there is nei^er a^cid nor water used in the common machine ; and 1 
-always understood that the electricity was excited by the frictioa. 

Mrs. B, It appears that(by friction the rubber obtains oxygsa, 
fiom the atmospherei'wfaich is partly composed of that element. 
The oxygen combines with the amalgam of the rubber, which is of 
a metallic nature, much in the same way as the oxygen of the add 
combines with the zinc in the Voltaic battery, and it is thus that the 
two electricities are disengaged. 

Carolme, But if the dectricities of both machines are simihur, 
why not use the common machine for chemical decompositions ? 

Mrs. B, Though its effects are siihiUir to those otthe Vdtaic 
battery, they are incomparably weaker. Indeed Dr. WoUaslon, ia 
using it for chemical decompositions, was obliged to act upon the 
most minute quantities of matter, aad though ^e result was sati»> 
fiictory in proving the similarity of its effect to those of the Vokaie 
batteiy( these e&ets were too small in extent to be in any consid- 
erable degree applicable to chemical decompositions. ) 

Chro^ne. How temble, then, a shook must be orom a Vdtaie 
battery,, since it is so much more powerful than aa electxical m* 
ehiae. 
Mrs* B. It is not nearly so formidable as you think ; at least itie 

394. liaw does, the degree of heatiin the elsotrie spark oon^aie With 
that produced by other means ? 

3951. What proves that the elctotiicily in the Voltaic, batter/ is of the 
same nature as that of the common electrical machine ? 
^ 376. How do the rubber of the common electrioal maehine and tie 
smc in the Voltaic battery produce the same electricities ^ 

377. How does the rubber obtain oxygen, in the use of the ^ 
electrical machine ? 

81^ miv4sttofe«keeonin«i electrieal maohiae msiI Isi < 
decompositions? 
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by9» means pToportional to the chemical efiect. The great sope* 
lioiity of the Voltiuc battery consist^n the large gtumtity of eleo- 
tricity that passes 1 butnii regard to the rapidity or intmsify of the 
charge Jit is greatly surtmssed by the common electrical machine. 
It wottio seem that the shock or sensation depends chiefly upon the 
intensity; whilst, on the contrary, for chemical purposes, it 10 
quantity which is reqi^red. In the Voltaic battery, the electricity^ 
though copious, is so weak as not to be able to force its way through 
the fluid which separates the plates, whilst that of a common ma- 
chine will pass through any space of water. 

Caroline. Would it not be possible to increase the intensity of the 
Voltaic battery till it should equal that of the common machme ? 

Mrs. B. It can actually be increased till it imitates a weak eleo- 
trical machine, so as to produce a visible spark when accumulated 
in a Leyden jar. But it can never be raised sufliiciently to pass 
through any considerable extent of air, because of the ready com- 
manication through the fluids employed. 

\^Y increasing the number of plates of a battery, you increase its 
intensity, whilst, by enlarging the dimensions of the plates, yon 
augment its ^tam/iVy-Vand as the superiority of the battery over the 
common machine coodists entirely in the quantity of electricity pro- 
duced, it was at first supposed that it was the size, rather than the 
number of plateii that was essential to the augmentation of power . 
It was, however, found upon trial, that the quantity of electricity 
produced by the Voltaic battery, even when of a very moderate size, 
was sufficiently copious, and that the ehief advantage in this appar 
ratus was obtained by increasing the intensity, which, however, 
«ti]] ^Is very far short of that of the common machine. 

I should not omit to mention, that a very splendid, and at the 
aame time, most powerful battery, was a few years ago constructed 
under the direction of Sir H. Davy, which he I'epeatedly exhibited 
in his course of electro chemical lectures, ill consists of two 
tliousand double plates of zinc and copper, of six square inches in 
dimensions, arranged in troughs of Wedgwood-ware, each of which 
contains twenty of these plates. The troughs are furnished with a 
contrivance for lifting the plates out of them in a very convenient 
and expeditious manner .*J 

* A model of this mode of construction is exhibited in (Fig. 15.) 
NoTK. In consequence of the discoveries ofi^of. HaTe|)of Phi(> 
adelnhia, the present theory of galvanism mint probably undergo 
a radical change. This gentleman has invented a new method of 
extricating the voltaic influence, by so connecting the plates that in 
effect only, two great surfaces of the metals are presented to each 
other. By this arrangement, the galvanic action on diflferent sub- 

379. To what does the superiority of the Voltaic battery consist? 

380. in what respect does the common electrical machine sarpsip 
the Voltaic battery? 

381. What is the difference in the action of the Voltaic batteiy, 
whether the number of plates is increased or th^r size is enlarged } 

38S{. How eztenaiye was the large battery constructed by Sir U. 
Davy.' 

. 383. WhtAAwmwumAtimuihM iiMmgmsked himseff kff disemfmim 
Mfsisoiiumf 

9 
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Omofifttf. Well, iio# that we understand the natoxe of the ufiauL 
of the Voltaic battery^, I long to hear an acoount of the chemifial 
discoTeriea to which it has ^ven rise. 

Mrs, B. You mast restrain your impatience, my dear, for I cannot 
with any propriety introduce the subject of these discoveries till we 
come to tnem in the regular course of our studies. There is, how- 
ever, a recent discovery respecting the Voltaic pile, which, though 
not immediately connected with chemistry, is too curious to be psBsed 
over in silence. ^It relates to the influence of electricity on magnet- 
ism, lately discovered by a Danish philosopher, Mr. Oersted. \ 

Ccaroline, What! animal magnetism ? I have often heard (Sf mag- 
netic tractors ; but I thought there was no truth in them« 

Mrs, B. Nor is there ; it is only the magnetic needle to which I 
allude. You already know something of &e wonderful property 
of the maeuetic needle to direct one of its extremities towards the 
north ; and you may easily conceive bow interesting any new fact 
relating to this truly mysterious a^ent, must be to science. The 
principle foct is this ; Ai a Voltaic battery be so placed as to have its 
negative pole directeatowards the south and its positive one towards 
the north, a communication being at the same time established over 
the battery, between its two poles, by means of metallic wires ; and 
if a magnetic needle be suspended just above the wire, and in a 
parallel direction, the needle >¥ill immediately move round upon its 

stances, has presented some new phenomena. This calorific piineiple 
is immensely increased, while the electric shock is hardly to be vet- 
ceived . Prof. Hare has named this new apparatus calorimeter^ or neat 
mover. The new views which he has been induced to ofier, seem 
to be confirmed by Yut, 15 

the aqtion of the *»• • 

calorimeter, viz., 
that galvanism is a 
compound of elec- 
tricity and caloric. 
This theoxyr, it is 
obvious, will set 
aside many of 
the principles laid 
down in the fore- 
going chapter.-— 

•cription ^ the ca- I ^ -• 

lorimeter, is pub- k 
lishedinSimman'slv 
Journal, with ob- 
servations by the 
Editor ; also in 
Hare's edition of 
CSiemistxy. — C. 

<^ ^J^t does the recent disoovery madeby Mr. Osfstesd leislB.' 
b. What is the principle fact connected with this diseoyery ? 



Fig. 15. Voltaic Battery of improved eoastractkni with tbi 
plates out or tlie eel 




—J pnnciple I 
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invot, its nortfaem extremity directing itoelf towards the toesf , more 
or less according to the energy of the pile, while on the other hand, 
if the ma^etic needle be placed below the voltaic conductor, it 
will likewise be^in to move round, but its north pole will, in this 
case point towards the east^ 

Emify, How curious this is ! and pray how is this singular e£fect 
explained? 

Mrs. JB, It is one of the most intricate points of naturd science, 
and one upon which philosophers can yet offer but rery uncertain 
conjectures. Several of the most eminent scientific men, however, 
are earnestly engaged in investigating the subject ; and it is to be 
hoped, that dome important discovery may yet be made. In the 
mean time, thejr have already ascertained many curious facts illus- 
trative of the influence which electricity and magnetism exert 
upon each other, one of the most striking of which isAhat if a steel 
needle be placed transversely upon the conductor oPthe Voltaic 
pile in action, the needle will, in a few seconds, become magnetic, 
so as to be capable of attracting and repelling iron like magnets. 
Or if any portion of the conducting wire be turned into a spiral, 
and a needle laid within its coils, but so as not to touch them, it 
will immediately become magnetic, as I shsdl easily show you the 
first time we set the Voltaic pile in action ; for it is now too much 
exhausted to produce the effect in question. We shall therefore 
here terminate this conversation, which has been already sufficiently 
long and difficult^ 



CONVERSATION VI. 

oif oxresN and nitrogen. 
Mrs, B, To day, we shall examine the chemical properties of 

ATMOSPHERE. 

Caroline, I thought that we were first to learn the nature of 
OXYGEN, which comes next iti our table of simple bodies? 

Mrs. B, And so you shall ; the atmosphere being composed of 
two principles, oxygen and nitrogen, iwe shall proceed to ana- 
lyze it, and consider its component parts ^parately. 

Emily. I always thought that the atmosphere had been a veiy 
complicated fluid, composed of all the variety of exhalations from 
the earth. 

Mrs, B, Such substances may be considered rather as heteroge- 
neous and accidental, than as forming any of its component parts ; 
and the proportion they bear to the whole mass is quite inconsid- 
erable. 

Atmospherical air is composed of two gases, known by the 
names of oxygen gas and nitrogen or azotic gas. 

Emily, Pray, what is gas ? * 

1^11 kinds of air difiering from the atmosphere, are called by 

this name.--K'. 

'— - — *-"' ■ -- I.I. 

c. What other facts have been observed on this subject i 
385. Of what is the atmosphere composed ? 
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Mrs. B. The name of gas is giyen to any fluid capable of extst- 
kig constantly in an aeriform state, under the pressure and at the 
temperature of the atmosphere. 

Caroline, Is not water, or any other substance when eyapoiated 
by heat, called gas ? 

Mrs. B. No my dear ; yapor is, indeed, an elastic fluid, and beais 
a stronff resemblance to a gas ; there are, however, seTeral points 
in which they essentially differ, and by which vou may always dis- 
tinguish them. (^Steam, or vapor, owes its elasticity merely to a 
high temperature, which is equal to that of boiling w^ater. ) And it 
differs from boiling water only by being united with more caloric, 
which as we before explained, is in a latent state. When steam is 
copied) it instantly returns to the form of water ; but air, or &B^ 
fias never yet been rendered liquid or solid, by any degree of cold. 

Emily. But does not gas, as well as vapor, owe its elasticity to 
caloric ? ^ 

Mrs-^ B. It is the prevailing opinion ^nd the difierence between 
gas and vapor is thought to depend on the different manner, in 
which caloric is united with the basis of these two kinds of elastic 
fluids. In vapor it is considered as in a latent state ; in gas, itii 
supposed to be chemically combined^ 

EmUy. When you speak, then, erthe simple bodies, ojcygenand 
nitrogen, yo^ mean ta express those substances which are the bliaes 
of the two gases 3 ^ 

Mrs. B. Yes, in strict propriety ; fo^they can properly be called 
gases, only when brought to an aeriform statej 

Caroline. In what proportions are they combihetr in the atmoe- 
phere ? 

Mrs. B. The oxygen ffas constitutes a little mose than one fifth, 
and the nitrogen gasa Utue less than four fifths.* fWhen separated, 
they are found to possess qualities totally different from each other. ) 
For oxygen gas is. essential both to respiration and combustion,' 
while neither of these processes can be performed in nitrogen gas. 

Caroline. But if nitrogen gas is unfit for respiration, how does it 
happen that the large proportion of it which enters into the compo- 
(Ution of the atmosphere is not a great impediment to breathing ? 

Mrs. B.f We should breathe more freely than our hugs could 
bear, if we respired oxygen gas alone. The nitrogen is no impedi- 
ment to respiration, and probably on the contrary, answers some 
useful purpose, though we do not know in what maimer it acts is 
^ that process. '^ 

•7 ^ 

i. * In 100 parts of the atmospheric air, there is 31 of oxygen zxA 
79 of nitrogen. — C.\ 

386. What is a gas? 

387. What is the difference between vapor and gas ? 

388. To what does vapor owe its elasticity ? 

389. To what do the gases owe their elasticity ? 

390. When may oxygen and nitiogien be called gases ? ' 

39t. What is an essential difference between oxygen and nitrogeD, 
when separated ? ^ 

392. If nitrogen gas is unfit for respiration, how does it happen, that 
the large proportion «f it, which enters' into atmospheric air, does not 
cause an impediment in breathing } 
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EmUy. And bf what means can the two gases, wfaidi 
tlie atmospheric air, be separated ? 

Mrs. B. There are many wayapf analysing the aUnosphsre : the 
two gases may be separated finrt^y combustion. ) 

ilmt/y. You surprise me ! how is it possible that combnstioit 
should separate them ? 

ISrs. B, I should previously inform you, that till within a few 
years, oxygen was supposed to be the only simple body naturally 
combined with negative electricity. Sir H. Davy has smce added 
chlorine and iodine to that number^ but they are bodies of inferior 
importance. In all the other elements the positive electricity pre- 
TaOs, and they have consequently, all of them, an attraction for 
oxygen.ft 

Caroline. That surprises me extremelv; how then are* tiie 
combinations of the other bodies performed, if, according to your 
explanation of chemical attraction, bodies are supposed onfy to 
combine in virtue of their opposite states of electricity ? 

Mrs. B. Compound bodies, in which 'oxygen prevails over the 
other component parts, are also negative, but their negative energy 
is greater or less m proportion as the oxygen predominates. Those 
compounds into which oxygen enters in less proportion thM) the 
other constituents, are positive, but their positive energy is dimin- - 
ished in proportion to the quantity of oxygen which enters into their 
composition. ' 

Bodies, therefore, that are not already combined withoxyvea, 
will attract it, and under certain circumstances, will absorb it from 
the atmosphere, in which case the nitrogen gas wili remain alone, 
and may thus be obtained in its separate state. 

Caroline. I do not understand now a gas can be absorbed ! 

Mrs. B. It is only the oxygen, or basis of the gas, which is 

t If chlorine or oxymuriatic gas be a simple body, according to 
Sir H. Davy's view pf the subject, it must be considered an exoep«> 
tion to this statement ; but this subject cannot be discussed tJU the 
properties and nature of chlorine come uiider examination. 

f The hypothesis that combustion, as well as chemical affinity ave 
electrical phenomena, was first proposed by Berzelius of Slockholio, 
The theory is shortly this. In all cases where the partiBles of 
bodies have a chemical attraction for each other, they are i* opposite 
Mates of elecUridty, and the force of their union is in proportion to 
the intensity of these electrical states, since it is this which Ibroes 
them to unite. Thus the particfes of an acid and an alkali unite, 
because one is strongly negative and the other strongly positive, 
hi case of combustion, these different states are still more intense, 
oxyffen always being the negative state, and the combustible 
in the positive, and when a union takes place, heat and light is 

393. Can the two gases that compose the atmospheric air be aeperel- 
ed? 

394. H v>kat prapartum are otygtm and mtrogen camkmsd m 0m9$^ 
fhericairf 

396. What causes negative electricitir ? 
396. How can combustion separate them ? 
^. How is caloric produced in combustion ? 
306. Wl^i»tk6thetnryqfcomtnutiomprapo9edh^S$ndki»t 
9* 
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•bsorbed ; and the two electricities escaping, that is to say, the 
negative from the oxygen, the positive from the bnming bodj, 
omte and produce caloric. 

Emiiy. And what becomes of this caloric ? 

Mrs. B. We shall make this piece of dry wood attract oxygen 
from the atmosphere, and you will see what becomes of the caloiiG. 

Caroline. You are joking, Mrs. B. ; yon do not mean to decooir 
pose the atmosphere with a piece of dry stick ? 

Mrs. B. Not the whole body of the atinospherey certainly ; but if 
we can make this piece of wood attract any quantity of oxygen 
£rom it, a proportional quantity of atmospherical aio: will be decom- 
posed. 

Caroline. If wood has so strong an attraction for oxygen, why 
does it not decompose the atmosphere spontaneously ? 

Mrs. B.([t is found by expenence that an elevatiuH of tempen^ 
ture is required foj the commencement of tlie union of the osygen 
and the wood.^ 

This elevation of temperature was formerly thought to be neces- 
sary /in order to diminkh the cohesive attraction of the wood, and 
enalile the oxygen to penetrate and combine with it more readily. \ 
But since the introduction of the new theory of chemical combina- 
tion, another cause has been assigned,' and it is now supposed that 
the, high temperature, by exalting the electrical energies of bo(^es, 
and consequently their mrce of attraction, facilitates their combma* 
lion. 

Emily. If it is true that caloric is composed of the two electricities, 
an elevation of temperature must necessarily augment the. electric 
energies of bodies. 

iur5. B. I doubt whetl^er that would be a necessary consequence; 
(or admitting this composition of caloric, it is only by being decom- 
posed that electricity can be produced. Sir H. bavy, however, in 
his numerous experiments, has found it to be an almost invariable 
rule, that the electrical energies of bodies are increased by elevation 
of temperature. 

What means, then, shall we employ to raise the temperature of 
the wood, so as to enable it to attract oxygen from the atmosphere ? 

Caroline. Holding it near the lire, I slu^uld think, would answer 
the purpose. 

Mrs. B. It may, provided yoxi hold it^Mtfficiently close to> the fire; 
for a very considerable elevation of teii^^teira.ture is required. 

Caroline. It has actually taken fire ; and yet I did not let it tooch 
the oftals, but I held it so very close that 1 suppose it caught fiie 
merely from the is^sity of the heat. 

Mrs. B. Or you might say, in other words, that the caloric which 

the consequence. This theory is not well proved, nor generally 
adopted.—^. 

399. If wood has a strong attraction for oxygen, why does it not de- 
compose the air spontaneously ? 

400. Why is it necessary to heat a combustible substance to mihs 
it burn? 

401. Are the electrical energies of bodies increased by elevatioii o^ 
temperature ? 

402. Why will a piece of woiod when held near the fire, bunii il 
thoagh it does not touch the coals ? 
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the wood imbibed, so much elevated its temperature, and exalted ila 
electric energy, as to enable it to attract oxygen very rapidly firom 
the atmosphere. 

Ekdly. Does the wood absorb /^xysen While it is burning ? 

Mrs, B, Yes ; and the heat and light are produced.by the union 
of the two electricities'jwhich are set at liberty, in consequence of 
the oxygen combining 4nth the wood. 

Caroline. You astonish me ! the heat of a burning body proceeds 
then as much from the atmosphere as from the body itself? 

Mrs. B, It was supposed that the caloric given out during com- 
bustion, proceeded entirely, or nparly so, from the decomposition 
of the oxygen gas ; but according to Sir H. Davy's new view of 
the subject, both the oxygen gas and the combustible body concur 
in supplying the heat and light, by the union of their opposite elee- 
tricities. 

Emily. I have not yet met with any thing in ch^stry that has 
surprised or delighted me so much as this explanation of combus- 
tion, i was at first wondering what connexion there could be be- 
tween the affinity of a body for oxygen, and its combustibility ; but 
1 think I understand it now perfectly. 

Mrs. B. Combustion ,(then, you see, is nothing more than the 
rapid combination of a body with oxygen, attended by the disen- 
gamnent of light and heat.x 

Bfniiy. But are there no dombustible bodies whose attraction for 
oxygen is so strong, that they wDl combine wjth it, without the 
application of heat ? 

Caroline, That cannot be; otherwise twe idiould see bodies 
burning spontaneously. 

Mrs. B. But there are some instances of this kind, such as 
phosphorus, potassium, and some compound bodies, which I shall 
hereafter make you acquainted with. These bodies, however, are 
prepared by art, for in general, all the combustions that could occur 
spontaneously, at the temperature of the atmosphere, have already 
taken place ; therefore hew combustions cannot happen without the 
temperature of the body being raised. Some bodies, however, 
will burn at a much lower temperature than others. > 

Caroline. But the common way of burning a body is npt merely 
to approach it* to one already on fire, but rather to put the one in 
actual contact with the other, as when I bum this piece of paper by 
holding it in the flame of the fire. 

M-5. B. The closer it is in contact with the source of palorio, 
the sooner will its temperature be raised to the degree necessary 
lOT it to burn. If you hold it near the fire, the same efiect will be 
produced ; but more time' will be required, as you found to be the 
case with the piece of stick. 

Emhf. But why is it not necessary to continue applying caloric 
Uiroughoutthe process of combustion, in order to keep up the eleo- 
tnc energy of the wood, which is required to enable it to comiiine 
with the oxygen ? 

403. When a substance burns, what does it absorb ? 
«H. How are heat and light produced ? 

405. What is combustion ? 

406. Why do not bodies bom spontaneously .' 

407. What are instances of combustion without a previous 
w temperature? 
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Mrs. B.(ThB caloric whidi is gradually produced by the two 
electricities during combastioo keeps up the temperature of the 
burning body ; so that when once combustion has begun, no farther 
application of caloric ie required. \ 

Qtrohne, Since i have learnt this wonderful theory of oombos- 
tioQ, I cannot help gazing at the fire ; and J. can scarcely conceive 
that the heat and light which I always supposed to proceed entirely 
' from the coals, are really produced as much by the atmosohere. 

JEmify. When you blow the fire, you increase the combustion, I 
suppose, by supplying the coals with a greater quantity of oxygea 
gas. 

Mrs. B. Certainly ; but of course no blowing will produce com- 
bustion, unless the temperature of the coals be first raised. A sin- 
gle spark, howerer, is sometimes sufficient to produce that eSxci ; 
for, as I said before, when once combustion nas conmienced, the 
caloric disengaffed is sufficient to elcTate the temperature of the 
rest of the Ixxly, provided that there be a free access of oxygen. 
It however sometimes happens, that if a fire be ill made, iC wiU be 
extinguished before all the fuel is consumed, from the very dreum- 
stance of the( combustion being so sIoav that the caloric disengaged 
is insufficient to keep up the temperature of the fuel.^ f^ou most 
' recollect that there are three things required in order to produce 
combustion ; a combustible body, oxygen, aod a temperature at 
which the one will combine with the other. I 

Emikf. You said that combustion was one method of decomposing 
the atmosphere, and obtaining the nitrogen gas in its simple state; 
but how do you secure this gas, and prevent it from mixing with 
the rest of the atmosphere ? Fig. 1& 

Mrs. fi. It is necessary for this purpose to 
burn the body within a close vessel, which is 
easily done.— ^e shall introduce a small light- 
ed taper under this glass receiver, which stands, 
in a basin over water, to prevent all commun^ 
cation with the external air.* 

CapoHne. Haw dim the light bums already ! 
It is aow extinguished. 

Mrs. B. Can you tell us why it is extinguish* 
ed? 

Caroline. Let me consider.— ^The receiver 

was full of atmospherical air ; the taper, in combiirtionofataper 
- ttnd«r a receiver. 

* To make a taper, melt some bees wax, and dip into it a strip of 
cotton cloth about an inch wide, and before it is cold, twist it pretty 

408. Why is it not neoeesary to continue applying caloric throughoat 
the process of combuation, in order to keep up the electric energy of 
the wood, which is required to enable it to combine with the oxygen? 

409. Why does blowing the fire increase combilstion ? 

410. Why will Bie be sometimes extinguished before a^ the wood is 
consumed ? 

411. What three thin^ are necessary to produce combustton ? 

412. Why will a burnmg ta|>er placed under a glass receiver, as is 
figure 16, soon become extinguished .' 




imrning within it, must hare combined with the oxygen contained 
in that air, and the caloric that was disengaged produced the light 
of the tsiper.^ But w^en(the whole of the oxygen was absorbed, 
the whole of its electricity was disengaged ; consequently no move 
caloric could be produced, the taper ceased to bum, and the flame 
was extinguished^ 

Mrs, B. Your explanation is perfectly correct. 

EmUy. The two constituents of the oxygen gas being thus <&- 
posed of, what remains under the receiver must be pure nitrogen 
gas. ^ 

Mrs, B. There are some circumstances which prevent the nitro-^ 
gen gas thus obtamed, firom bein^ perfectly pure; but we may 
easily try whether the oxygen has disappeared, by putting another 
lighted taper under it. — ^i ou see how instantaneously the flame is 
extinguished, for want of oxygen to supply the negative electricity 
required for the formation of caloric ; and were you to put an ani- 
msA under the receiiver it wouFd be immediately suffocated. But 
that is an experiment which I do not think your curiosity wiU tempt 
you to try. 

EmUy. Certainly not. But look, Mrs. B., the receiver is full of 
a thick white smoke. Is that nitrogen gas } 

Mrs, B. No, my dear ; nitrogen gas is perfectly transparent and 
invisible, like common air. This cloudiness proceeds from a variety 
of exhalations, which arise from the burning taper, the nature of 
which you cannot yet understand. 

CaroltTie, The water in the receiver has now risen a little above 
its level in the basin. What h the reason of this f 

Mrs. B, With a mementos reflection, I dare say you could have 
explained it yourself. The water rises in consequence of the 
oxygen gas within it having been destroyed, or rather deeomposed, 
by the combustion of the taper. 

Caroline, Then why did not the water rise immediately w^hen 
the oxygen gas was destroyed ? 

Mrs, B, Because th^ heat of the taper, whilst burning, occa- 
sioned a dilatation of the air in the vessel, and a production ai 
carbonic acid, which at flrst counteracted this effect. ' 

Another means of decomposing the atmosphere is the oxygenation 
of certain metals. This process is very analagous to combustion ; 
it is, indeed, only a more general term to express the combination 
of a body with oxygen, 

Caroline, In what respect, then, does it differ from combustion f 

Mrs. B, The combination of oxygen in combustion is always 

hard. Cotton wick does better than the cloth. A quart tumbler 
makes a good receiver. Two or three inches of the taper can be 
&stened to a piece of wire, bent so that it will stand up* Thus the 
experiment is easily made. — C. 

413. How long will it burn thus placed under a receiver.' 

414. What would be the consequence if an animal were placed on- 
der the receiver ? Why ? 

415. What is another method of decoroposing the air? 

416. In what respect does oxygenation differ from the decomposition 
of air by combustion .' 
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aoeompanied by a disengagemeiit of Hght and heat; whikt ti^s 
drcumstanee k not a necessary consequenoe of simple oxygenation. 

CaroUne, But how can a body absorb oxygen without the com- 
bination of the two electricities which produce caloric ? 

Mrs, B, Oxygen does not always present itself in a gaseous form ; 
it is a constituent, part of a vast number of 1y>dies, both solid and 
liquid, in which it exists in a state of greater density than in the 
atmosphere ; and from these bodies it may be obtained without 
much disengagement of caloric. It may liKewise, in some cases, 
be absorbed from the atmosphere without any sensible production 
of light and heat ; for, if the process be slow the caloric is aisengaged 
* in such small quantities and so gradually, that it is not capable of 
producing either light or heat, in this case the absorption of oxy- 
gen is called oxygenation or oayd€Uian, instead of combustion, as the 
production of sensible light and heat is essential to the latter. 

Emily. I wonder that metals can unite with oxygen ; for, as they 
are so dense, their attraction of aggregation must be very great; 
and I should have thought that oxygen could never have penetrated 
such bodies. 

Mrs, B, Their strong attraction for oxygen counterbalances 
this obstacle. . Most metfis, however, require to be made red hot, 
before they are capable of attracting oxygen in any considerable 
quantity. By this combination they lose most of their metallic 
properties, and fail into a kind of powder, formerly called calx, bnt 
now much more properly termed an oxyd; thus we have oxyd of 
kdd, oxyd of iron, Ac* 

Emily. And in the Voltaic battery, it is, I suppose, an oxyd of 
sine that is formed by the union of the oxygen \(dth that metal. 

Mrs. B. Yes, it is. 

Caroline. The word oxyd, then, simply means a metal combined 
with oxygen. 

Mrs. B. Yes ; bat the term is not confined to metals, though 
chiefly applied to them. Any body whatever, that has comWned 
with a certain quantity of oxygen, either by means of oxydatioD, 
or combustion, is called an oxyd, and is said to be oxydated or ooy- 



Emtty. Metals, when converted into oxyds, become, I suppose, 
negative. 

Mrs. B. Not in general ; because in mosf oxyds l^e positive en- 
ergy of the metal more than, counterbalances the native energy of 
the oxygen vnth which it combines. 

Thus black powder is an oxyd of manganese, a metal which has so 

* Red Lead and Rust of Iron. — C. 

. . , ■ ■ I I- - ■■ 

417. Does oxygen always exist in a gaaeons state f 

418. When is the absorption of oxygen called oxygenation, or oxyd- 
ation.' 

419. How can oxygen penetrate metals, since their attraction of af 
greAtion is so great? 

420. What is the chemical name for red lead and rust of ircm? 

421. What is an oxyd P 

422. If oxyds are a combination cS metals and oxygen, why are they 
not negative ? 



ttroBg an affinity for oxygen, that H attracts that substance from 
the atmosphere at any known temperature, it is therefore never 
foopd in its metallic fomi, but always in that pf an oxyd, in which 
state, you see it has rery little of the appearance: of a.netal. It is 
now heavier than it was before oxydation, ip consequence of the 
additional weight of the oxygen, with which it has combined. 

Caroline. 1 am very glad to hear that ; fi)r I confess I could not 
help having some doubts whether oxygen was really a substance, 
as it is not to be obtained in a simple and palpable state ; but its 
weight is, 1 think, a decisive proof of its bemg a real body. 

Mrs, B. It is easy to estimate its weight by separating it from 
the manganese, and find how much the latter has lost. 

Emily, But if you can take the oxygen from the metal shall we 
aot have it in its palpable simple state ? 

Mrs. B, No ; for I can only separate the oxygen from the 
manganese by presenting to it some other body for which it has a 
greater affinity than for uie manganese. Calonc affording the two 
electricities is decomposed, and one of them uniting with the oxy- 
^n, restores it to the aeriform state. 

Bmity. But you said just now, that manganese would attract 
oxygen from the atmosphere in which it is combined with the neg^ 
ative electricity ; how, therefore, can the oxygen have a superior 
affinity for that electricity, since it abandons it to combine with the 
manganese ? 

^s. B. I give you credit for this objection, Emily ; and the only 
answer I can maxe to it is, that the mutual affinities of metalfl^fbr 
oxygen, and of oxygen for electricity, vary at different tempera- 
tures; a certain degree of heat will, therefore, dispose a metal to 
combine with oxygen, whilst on the contrary, the former will be 
compelled ta part with the latter, when the temperature is further 
increased. I have put some oxyd of manganese into a retort,* 
which is an earthen vessel with a bent neck, such as you see here. 
(See Fig. 17, No. 1.) The retort containing the manganese you 
cannot see, as I have enclosed it in this furnace, where it is now 
red-hot. But, in order to make you sensible of the escape of the 
gas, which is itself invisible, I have connected the neck of the 
letort with this bent tube, the extremity of which is immersed in a 
vessel of water. (See Fig. 17, No. 2.) Do you see the bubbles of 
air rise throuffh the water ? 

, QoTolme. Perfectly. This, then, is pure oxygen ^as ? What a 
pity it should be lost. Could you not preserve it ? 

* To collect oxyffen gas, take an oil flask, and having fitted a 
^rk to it, pierce the cork so as to admit a bmit glass t^ ; (the 
bending is done over a spirit lamp.) Ptit inta the flask some black 
oxyd of manganese, and pour on sulphuric acid enough to inake it 
into a paste. Then put in the cork and tube, and having connected 
the other end of the tube with a receiver in the tubQ of water, 
fflly th e heat of an Argand lamp.— C. 

j^. How can it be determined that oxvgen has weight P 
4^. How can oxygen be separated mm manganese after hamg 
wen ozydated ? 
j25. How mayjmro oxygen he edIUeted'f 
iSR. How would jott describe the experiment rspieaeiite^ i 
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So. 1. A, retort on a stand. — No. 9. A, Farnace. B, Earthen Retort in the fbr- 
nace. C, Water Bath. D, Receiver. E E. Tube conveying the ga» from the 
Retort through the water into the Receiver. F E F, Shelf perforated on which 
tile Receiver standi. 

Mrs, B, We shall collect it in this receiver. For this purpose, 
you observe, I first fill it with water, in order to exclude the atmos- 
phorical, air ; and then place it over the bubbles which issue from 
the retort, so as to make them rise through the water to the upper 
part of the receiver. 

Endhf. The bubbles of oxygen gas rise, I suppose, from their 
specific Jevitv ? 

Mrs. B. Yes ; for though oxygen forms rather a heavy gas, it 
is light compareii to water; You see how it gradually displaces the 
water from the receiver. It is now full of gas, and I may leave it 
inverted in water on this shelf, where I can keep the gas as long 
as I choose, for future experiments. This apparatus (which is 
indispensable ih all experiments in which gases are concerned,) is 
called a water bath.* ' 

Caroline. It is a very clever contrivance, indeed ; equally simple 
and useful. How convenient the shelf is for the receiver to rest 
>- upon under water, and the holes in it for the gas to pass into the 
receiver ? 1 long to make some experiments with this apparatus. 

Mrs. B. I shall try your skill that way, when you have a httle 
more experien^^. 1 am now going to show you an experiment, 
which proves, in a very striking manner, how essential oxygen is 
to combustion. You will see that iron itself will burn in thu gas, 
in the most rapid and brilliant manner. 

* A common, large sized wash tub, with a board 4 or 5 inches 
wide, fixed through the middle, and about 6 inches fix)m the top, 
and filled with water, vdll answer veiy well for a great variety of 

experiments on the gases. — C. 

— ■ 

427. How does the weight of oxygen ffas compare with that of watet? 

428. How may the great tendency or oxygen to produce combostioa 
.be proved f 
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CkroHne, Really ! I did not know that it was pofisible to bum iron. 

Emiiy. Iron is a simple body, and you know, Caroline, that all 
simple bodies are naturally positive, and therefore must have an 
affinity for oxygen. ' 

Mrs. B, Iron will, however, not bum in atmospherical air without 
a very great elevation of temperature ; but it is eminently com- 
bustible in pure oxygen gas; and what will suisrisi^ you sttH 
more, it can be set on 'fire without any cbnsiderable rise of tem- 
perature. You see this spiral iron wire.*—- I fasten it at one end 
to this cork, which is made to fill an opening at the top of the glaai 
receiver. 

Brnil^, 1 see this opening in the receiver ; Fig. 18. 

but it IS carefully cjosed by a ground glass 
stopper, 

Mrs, B. That is in older to prevent the 

^ from escaping : but I shall take out the 

stopper, and put in the cork to which the wire 

hangs. Now I mean to bum this wire in llie 

oxygen gas, but I must fix a small piece of 

lighted tihder to the extremity of it, m order 

to give the first impulse to combustion ; for, 

however powerful oxygen is in promoting ^ 

combastion, jou must recollect that it cannot 

take place without some elevation of tempera- r.^w.K....i «• i -«-• 

4.,^ T u 11 • • ^ J *i- • * ^i- i/OBttDuwioii or Iron wii* 

tore. I shall now mtroduce the wire mto the in oxygen gas. 

receiver, by quickly changing the stoppers ? 

Caroline, Is there no danger of the gas escaping while y<m 
change the stoppers ? 

Mrs. B.(OxYgen gas is a little heavier than atmospherical air,^ 
therefore it will not mix with it very rapidly; and if I donot leave 
the opening uncovered, we shall not lose any — 

Caroline. Oh, what a brilliant and beautiful flame ! 

Emify. It is white and dazzling as the sun ! — Now a piece of the 
melted wire drops to the bottom ; I fear it is extinguished : but no, 
it bums again as bright as ever. 

Mrs. B. (It will bum till the wire is entirely consumed, provided 
^e oxygen is not first expended \ for you know it can bum only 
while there is oxygen to combine with it. ' 

Caroline. 1 never saw a more beautiful light. My eyes can 
hardly bear it ! How astdnishing to think that all this caloric was 
contained in the small quantity of ^as and iron that was enclosed 
in the leceiver ; and without producing anjr visible heat !' 

Emily. Uo^; wonderfolly quick combluitbn goes on, m puie axj>- 

*The combustion of steel, as a watch spring, is much more vivid 
than that of iron. This afibrds a very beautiiul experiment, and is 
easily made after the oxygen is collected. A bottle of white giaiiB 
of a quart capacity does well as a receiver. An inch of water at 
the bottom vnll prevent its breaicing. — C. 

429. Why have all simple bodies an affinity for oxygen? 

430. Will iron bum in oxygen gas without an etevation of tempeiiF 

431. Which is lightest, oxygen gas or atmospherioal air ? 

432. How k>ng will a piece of iron bum in oxygen gsi ? 

10 
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gen gas f But pray, are these drops of burnt iron as heavy as Uie 
wire was before ? 

Mrs, B. They 'are even heavier; for the iron in burning, hai 
acquired exactly the weight of the oxygen which has disappeaied, 
and is now combined vdth it. h has b^rae an oxyd of iron. 

Caroline. I do not know what you mean by 8a3an^ that the 
oxygen has disappeared j Mrs. B., for it was alwa3r8 invisible. 

Mrs.'B, True, my d^ar; the expression was incorrect. But 
though you could not see the oxygen gas, I believe you had no 
doubt of its presence, as the efiect it produced on the wire was 
sufficiently evident. 

Caroline. Yes, indeed ; yet you know it was the caloric, and not 
the oxygen gas itself, that dazued us so much. 

Mrs. B. You are not quite correct in your turn, in saying the 
caloric dazzled you ; for caloric is invisible ; it afi^ts enly the sense 
of feeling ; it was the light which dazzled you: 

Caroline. True ; but light and caloric are such constant compan- 
ions, that it is difficult to separate them, even in idea. 

Mrs. B. 'The easier it is to confound them, the more careful 
you should be in making the distinction. 

Caroline. But why has the wat^ now risen and filled part of the 
receiver ? 

Mrs. B. Indeed, Caroline, I did not suppose, you would have 
asked such a question I I dare say, Eknily, you can answer it. 

Emibf. Let me reflect , .- . The oxygen has combined with the 
' wire ; the c^oric has escaped ; consequently nothing can remain 
in the receiver, and the water will rise to fill the vacuum. 

Caroline, I wonder that I did not thmk of that. I wish that we 
had weighed the wire and the oxygen gas before the coii^bustion; 
we might then have found whether the weight of the oxyd was 
equal to that of both. 

Mrs. B. Yott might try the ei^periment if you particularly wished 
it ; but I can assure you that if acdurately performed, it never &ils 
to show that the additional weight of the oxy(f is precisely equal to 
that of the oxygen absorbed, whether the process has been a leal 
combustion o» a »mple oxygenation. 

Caroline. But this cannot be the case with all combnslions in 
general ; for when any substance is burnt in the common air, so far 
from increasing in weight, it is evidently diminished, and sometimes 
entirely consumed. 

Mrs. B. But what do you mean l^ the expres»on consumdj 
You cannot lauppose that the smallest particle of any substance in 
nature can be actually destroyed . A compound body is decomposed 
by combustion ; some of its constituent parts fly oflf in a gas^ns 
form, while others remain in a concrete state ; the former are called 
the volatile^ the latter the fixed products of combustion. But if we 
0oUect the whole of them, we soaU always find that they exceed the 

433, Why will the component fMirts cS a compound body that has 
Iwi^A decomposed by combustion, weigh more than the compound body 
did? 

434, What is the impropriety in saying that a person is dasxled by 
caloriQ ? 

435, Can a particle of any substance be actually destroyed I 

436, What is the fixed product in combustion ? 

437, What is the volatile product in combusfion ? 



OXTOBir ASh N19R06B1I. itff 

weiffht of the combustible body, by that of the oxygen which has 
combined with them during combustion. 

Emify. In the ix>mbu8tion of a coal fire, then, I suppose that the 
ashes are what would be called the fixed product, and the smoke 
the volatile product ? 

Mrs. B, Yet when the fire bums best, and the quantity of to1»- 
tile products should be the greatest, there is no smoke ; but how 
can you account for that ? 

Emily. Indeed I cannot ; therefore I suppose that I was not right 
in ray conjecture. 

Mrs. B. Not quite ; ashes, as you supposed, are a fixed product 
of cooibustion ; but smoke, properly speaking, is not one of the 
Tolatiler products, as it consists of some minute uhdecomposed par- 
ticles of coals which are carried off by the heated air without b^ng 
burnt, and ure either deposited in the form of soot, or dispersed by 
the wind. Smoke, therefore, ultimately becomes one of the fixed 
prodttcts of combustion., As you may easily conceive that the 
stronger the fire is, the less smoke is produced,f because the fewer 
partides escape combustion. \ On this principle aepends the invent 
tion of Argatid's Patent Lamps ; a current of air is made to pass 
through the cylindrical wick of the lamp, by which means it is so 
plentuully supplied with oxygen, that scarcely a particle of oil 
escapes combustion, nor is there any smoke produced. 

Eniiy. But what then are the volatile products of combustion ? 

Mrs. B. Various new compounds with which you are not yet 
acquainted, and which being converted by caloric either into vapor 
or gas, are invisible : but they can be c<^llected, and we shall exam- 
ine them at some future period. 

Carohne. There are then ^ther gases, besides the oxygen and 
iiitrogen gases? 

Mrs. B. Yes, several ", any substance that can assume and main- 
tain the form of an elastic fluid at the terapetiture of the atmos- 
phere, is called a gas. We shall examine the several gases in thebr 
respective places; but we must now confine our attention to those 
which compose the atmosphere. 

1 shall show you another method of decomposing the atmosphere, 
which is very simple. In breathing, we retain a portion of the oxy- 
gen, and expire the nitrogen gas: so that if we breathe in a closed 
vessel, for a certain length of time, the air within it will be deprived 
t)f its oxygen gas. Which of you will make the experiment ? 

Caroline. I shoulfi be very glad to try it. 

Mrs, B, Very well ; breathe several times through this glass 
tube, into the receiver with which it is connected, until you feel 
that your 'breath is exhausted. 

Caroline. I am quite out of breath already ! 

Mrs. B. Now let us try the gas with a hghted taper. 

Emih/. It is very pure nitrogen gas, for the taper is immediately 
^xtingoished. , 

Mrs. B. That, is not a proof of its being pure, but only of the 
absence of oxygen, as it is that principle aJone which can produce 
combustion, every other gas being absolutely incapable of it.* 

. * This does not agree with the opinion that chlorine and iodine are 
55P'® bodies, since they are both sup porters of combustion. — C 

438. Why is there no smoke when the fire burns best P 

439. How can the atmosphere be decomposed by breathing .' 
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EmUy, In the methods which you have shown us, for decodn 
posing the atmosphere, the oxygen always abandons the nitrogen; 
out is there no way of takihg the nitrogen firom oxygen,' so sls to 
obtain the latter pure from the atmosphere ? 

Mrs. B. You must observe, that whenever oxygen is taken from 
the atmosphere, it is by decomposing the oxygen gas : we cannot 
do the same with the nitrogen gas/'beoause nitrogen ^ has a 
stronger alffinity for caloric than lor any other known principle ;) if 
appears impossible, therefore, to separate it from the atmosphere 
by the power of affinities. But if we cannot obtain the^xygen gas 
.by this means, in its separate state, we have no difficulty, (as you 
have seen) to procure it in its gaseous form, by taking it fron those 
substances that have absorbed it from the atmosphere, as we did 
with the oxyd of manganese. 

Emiiy. Can atmospherical air be recomposedj by mixing due 
proportions of oxygen and nitrogen gases?' 

Mrs. B. Yes ;( if about one part of oxygen ^as be mixed with 
ftbout four psLrts of nitrogen gas, atmospherical air is produced.*) 

Emily. The air, then, must be an oxyd of nitrogen ? / 

Mrs. B. No, my dear ; (for it requires a chemical combination 
between oxygen and nitrogen in order to produce an~pxyd ; y hilst 
in the atmosphere these two substances were separately combined 
with caloric, forming two distinct gases, which are simply mixed 
in the formation of the atmosphere. 

I shall say nothing more of oxygen and nitrogen) at present, as 
We shall continually have occasion to refer to th^m, in our future 
conversations. They are both very abundant in nature ; nitrogen 
is the most pler^tiful in the atmosphere, /and exists also in all ani- 
mal substances ; oxygen forms a constituent part both of the animal 
and vegetable kingdoms, from which it may be obtained by a variety 
of chemical means. But it is now time to conclude our lesson. I 
am afraid you have learnt more to-day than you will be able to 
remember. 

Caroline. \ assure you that I have been too much interested in 
it, ever to forget it. In regard to nitrogen there seems to be but 
little to remember; it makes but a very insignificant figure in 
comparison to oxygen, although it composes a much larger portion 
of the atmosphere 

Mrs. B. rerhaps this insignificance you complain of, may arise 
from the compound nature of nitrogen, for though I have hitherto 
considered it as a simple body, because it is not known in any natu- 
ral process to be decomposed, yet from some experiments of Sir H. 
Davy, there appears to be reason for suspecting that nitrogen is a 

* The proportion of oxygen in tha atmosphere varies from 21 to 
22 per cent. 

440. Why may not oxygen be taken from the atmosphere so as to 
leave the nitrogen pure^ 

441. How can atmospheric air be produced by the union of oxygen 
and nitrogen ? 

442. Why is not the union that takes place between oxygen afid 
nitrogen in the production of atmospheric air, an oxyd ? 

443. Where do ozye^n and nitrogen exist ? 

444. Is nitrogen a smiple or a compound substance ? 



BTDROOEll. 109 

compound body^ as we shall see afterwards. But even in its sim- 
ple state it will not appear so insignificant when you are better ao» 
quainted with it ; for though it seems to perform but a passive part 
in the atmosphere, and has no very striking properties, whea conr 
sidered in its separate etate, yet you will see by and hy what a very 
important agent it becomes when combined with other bodies. Bui 
no more of this at present ; we must reseive it for itis proper plaoe^ 
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Caroline. The next simple bodies we come to are chlorins and 
looixE. Pray, what kina of substances are these ? Are they also 
invisible ? 

Mrs. B. No ;(for chlorine, in a state of gas, has a distinct green- 
ish color, and is therefore visible ; and iodine, in the same state, 
has a beautiful claret^red color.^ These bodies, I have already in* 
formed y9u,.are, like oxygen, endowed with the negative electrici- 
ty ; but the explanation of their properties, implies various consid- 
erations, which you would not yet be able tq understand ; we shall 
therefore defer their examination to somo future conversation, an^ 
we shall go on to the next simple substance, hydrogekt, which 
we cannot, any more than oxygen, obtain in a visible or palpably 
form. We are acquaipted with it only in its gaseous state, as we 
are with oxygen and nitrogen. 

Caroline. But in its gaseous state it cannot be called a simple 
Bubstaace, since it is combined with heat and electricity ? 

Mrs. B. True, my dear ; but as we do not know m pature, of 
any substance which is not more or less combined with caloric and 
electricity, we are apt to say that a substance is i^ its pore state 
when combined with those agents only. 

Hydrogen was formerly cjuled inflammable air^ as it is extren^ely 
combustible, and burns with a great flame. Since the invention of 
the new nomenclature, it has ohudned the name of hydrogen, which 
is derived from two Greek words, the meaning of which is to prO' 
duce water. 

Bmity. And how does hydrogen produce water ? 

Mrs. B- <By its combustion. ^ ^ater is composed of 89 parts, by 
weight of oxygen, combined with 11 parts of hydrogen ; or of two 
paru, by bulk, of hydrogen gas, to one part of oxygen gas) 

Caroline. Really ! is it possible that water should be a corabinao 
tion of two gases, and that one of these should be inflammable aiir! 
Hydrogen must be a most extraordinary gas that will produce both 
fire and water., , 

. Emihf, But I thought you said that combustion could take plaof^ 
a no gas but oxygen ? 

445. Of what color are bhlorine and iodine ? , 

446. What does the term hydrogen signify ? « 

447. What was it formerly called ^ 

44d. How does hydro^n produce water ? 

449. In what proportions do oxygen and bydrogei^ poipbioe to pro* 

10 ♦ 
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Mrs. B. Bo yon recollect what the process of oombuatioD consistg 
in? 

Emify. In the combination of a bodj^with oxygen, with disen- 
gagement of light and heat. 

Mrs. B. Therefore, when I say that hydrogen is combustible, I 
mean that^t has>an affinity for oxyffen^ but, like all other comjbus- 
lible substances, it cannot bum umess supplied with oxygen, and 
jbIso heated to a proper temperature. 

Caroline. The simply mixin? 11 parts of hydrogen, with 89pait8 
of oxygen gas, will not, therefore, produce water. 

Mrs, B. 'No); Water being a much denser fluid than gases, in 
order to reduce these gases to a liquid, it is necessary to (liininish 
%he (quantity of caloric or electricity which maintains them ia an 
elastic form^ 

Iknily. 'fhat I shbuld think might be done by combining the 
oxygen and hydrogen together ; for in combining, they would give 
out their respective electricities in the form of caloric, and by this 
means would be condensed. 

Caroline. But you forget, Emily, that in order to niake the 
oxygen and hydrogen combine, you must l)egin by elevating theii 
temperature, which increases, instead of diminishes Hheif electiic 
energies. 

M's. B. Emily is, however, right; for though it is necessary to 
raise their temperature, in order to make them combine, as tha$ 
combination affords them the means of parting with their electricir 
ties, it is eventually the cause of the diminution of electric energy. 

Caroline. You love to deal in paradoxes to day, Mrs, B, F&e, 
then, produces water. 

Mrs. B. The combustion of hydrogen gas certainly does ; but 
you do not seeib jto have remembered the theory of combustion so 
well as you thought you would. Can you tell me what happens in 
the comDustion of Jiydrogen gas ? 

Caroline. fThe hydroeen combines with the oxygen, and their 
opposite electricitic^s'are disengaged in the form of caloric^ Tes, 1 
.think I understand it now — by the loss of this caloric, the gases are 
oondensed into a liquid. 

Emibf. Water, then, I suppose, when it evaporates and incorpo- 
rates with the atmosphere, is decomposed, and converted into bv- 
drogen and oxygen gases. - . 

Mrs. B. No, my dear ; there you are quite niistaken : the de- 
composition of wa^r is totaljy diflferent from its evaporation ; for 
In the latter cas^, (as you should recollect^) (water is only in a state 
of very minute division ; and is merely suspended in the atmosphere, 
without any chei]^cal combination, and without any separation of its 
conistitttent parts/ As long as these remain combined, they form 
WATER, whether in a ^tate of liquidity, or in that of an elajstic fluid, 
^B vapor, or under the soUd form of ice. 

450. When it is ffaid t|iat hydrogen is combujrtifale, what ii is- 
tended ? 

451. Will simply mixing eighty-five parts of oxygen and fifte» rf 
lijdrogen, produce water ? 

453. What is necjessary ? 

IS' S^' happens in the cdfaibustion of hydrogen gas ? 
_ 454. What is the ^iffeience between the decompomtion and eTspffi* 
film of water? 
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In our experiments on latent heat, yon may recollect that we 
cauised water successively to pass through these three forms, merely 
by an increase or diminution of caloric, withont employing any 
power of attr£u;tion, or effecting any decomposition. 

Carotine. But are there no means of decomposing water ? 

Mrs. B. Yes, several ; /Charcoal, and metals, when heated red 
hot, will attract the oxygen from water, in the same manner as 
they will from the atmosmiereT 

Qtroline. Hydrogen, 1 see, is like nitrogen, a poor dependent 
friend of oxygen, which is continually forsaken for greater fevoritea, 

Mrs. B. llie connexion, or friendship, as you choose to call it, 
is mVich more intimate hetween oxygen and hydrogen, in the state 
of \i^ter, than between oxjgen and nitrogen, in the atmosphere ; 
for, (in the first case, there is a chemical union and condensation of 
the two substances ; ^in the latter they are simply mixed together 
in their gaseous state^ You will find, however, that in some cases, 
nitrogen is quite as intimately connected with oxygen, as hydrogen 
is. But this' is foreign to our present subject. 

ErnHy. Water, then, is an oxyd, though the atmospherical air is 
not. 

Mrs. B. It is not commonly called an oxyd, though according to 
our definition, it may, no doubt, be referred to that class of bodies, 

Carotine, 1 should like extremely to see water decomposed. 

Mrs. B> I can gratify your curiosity by a much more easy pro* 
cess than the oxydation of charcoal or metals ; ^the decomposition 
of water by these latter means takes up a great deal'of time, and is 
attended with much trouble ) for it is necessary that the charcoal or 
metal should be made red not in a furnace, that the water should 
pass over them in a state of vapor, that the ^ formed should be 
collected over the water bath, &c. In short, it is a very complicat- 
eji operation. But the same effect may be produced with the 
greatest facility, by the action of the Voltaic battery, which this 
will give me an opportunity of exhibiting. 

CaroUne. I am very glad of that, for I longed to see the power 
of this apparatus in decomposing^ bodies. 

Mrs. B. . For this purpose, I fill this piece of glass tube with 
"^ - ^ " water, and cork it 
up at both ends ; 
through one of 
the corks I intro- 
iduce that wire 
of the battery, 
^^^^_ which conveys 

Appamu. for the decomgijlimi of wafr by the Voltaic ^^ify^^^/^ 

455. What are the meanii of decomposing water ? > 

456. What is the difference between the union of oxygen an4 nit'O- 
gen, and the onion of oxygen and hydrogen ? 

457. May water be considered an oxyd ?. ^ • ^ 

458. What is the^ inconvenience of decomposing water by this oxy- 
dation of charcoal or metals ? 

459. How may water be deoompossd by the use of the Voltaie bat^ 
teiy? 
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wire which conTejB the negative electricity is made to passthrongli 
the other cork, so that the two wires approach each other suffi- 
ciently near to give out their respective electricities^ 
. Caroline, It does not appear to me that you approach the wires 
80 near as you did when you made the battery to act by itself. 

Mrs. B. tWatet being a better conductor of electricity than air, 
(he two' wires will act on each other at a greater distance in the 
former, than in the latter case. 

Emihj. Now the electrical e^ct s^pears ; I see small bubbles of 
air emitted from each wire. 

Mrs. B. Each wire' decomposes the water; the positive by 
combining with its oxygen, which is negative; the negative by 
combining with its hydrogen, which is positive. 

Caroline. That is wonderfully curious ! but what are the small 
'bubbles of air ? ^ 

Mrs. B, Those that appear to proceed from the positive wire, 
are the result of the decomf^osition of the water by that wire. That 
is to say, the positive electricity having combined with some of the 
oxygen of the water, the particles of hydrogen which were combin- 
ed with that portion pf oxygen are set at liberty, and appear in the 
form of small bubbles, of gas or air. 

Emily. And I suppose the negative fluid, having- in the sapie 
manner combined with some of the hydrogen of the water, the 
particles of oxygen that were combined with it are set free, and 
emitted in a gaseous form. 

Mrs, B. Precisely so. But I should not forget to observe, that 
the wires used in this experiment are made of platina,^a metal which 
is not capable of cooibining with oxye^en^ for otherwise the wire 
would ooml)ine with the oxygen, and the nydrogen alone would be 



Caroline. But could not water be decomposed without the electrip 
circle being completed ? If, for instance, you immersed only the 
positive wire in the water, would it not combine with the oxygen, 
and the hydrogen gas be given out ? 

Mrs. B. No ; for as you may recollect, the battery cannot act 
unless the circle be completed ; (since the positive wire will not give 
out its electricity, unless attracted by that of the negative wire'; 

Caroline. I understand it now. But look, Mrs. B., the decompo- 
sition of the water which has been going on for some time, does not 
sensibly diminish its quantity — ^what is the reason of that ? 

Mrs. B. Because the qutintity decomposed is so extremely small. 
If you compare the density of water with that of the gases into 
which it is resolved, you must be aware that a single drop of water 
is sufficient to produce thousands of such small bubbles as those yon 
BOW perceive, 

Caroline, But in this experiment, we obtain the' oxygen and 
hydrogen gases mixed together. Is there any means of pirocuring 
tiie two gases separately ? 

Mrs.B. They can be collected separately with great easeioy 

460. Which is the best conductor of electricity, water or air.' * ^' 

461. What remarkable property has platina? 

462. Why cannot water be decomposed unless the electric circle if 
completed ?. 
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mofiifying' a little th^ experiment^ Thus» if instead of one tdbe, we 

employ two, as you see here, (c. d. Fig. 19,)'both tubes being closed 

!Fig. 19. at one end, and open at the other ; and 

H^^^""^ r<-^' z ^^ ^^^ filling these tubes with water, we 

place them standing in a glass of water (c) 

with their open end downwards, you will 

see that the moment we connect the , 

wires (a) b,) which proceed upwards from 

the interior of each tube, the one with one 

end c^the battery, and the other with the 

other end, the water in the tubes will be 

decomposed ; hydrogen will be given out 

round the wire in the tube oonnected with 

the positive end of the battery, and oxy- 

Apparatus for decomposing gen m the other, and these gases will be 
water by Voltaic Electricity evolved exactly in the proportions which 
and obuuning me gases sepa-i ^ave before mentioned, namely, two 
measures of hydrogen for one of oxygen. 
We shall now begin the experiment, but it will be some time before 
any sensible quantity of the gases can be collected. 

Emily. The decomposition of water in this way, slow as it is, is 
certainly very wonderful ; but I confess that I should be slill more 
gratified, if you could show it on a larger scale, and by a qmcker 
process. I am sorry that the decomposition of water by charcoal 
or metals is attended with so much inconvenience. 

Mrs. B. Water may be decotaposed by means of metals without 
any difficulty ; but 'for this purpose the intervention of an acid is 
required) Thus, if we add some sulphuric acid (a substance witji 
the nature of which you are not yet acquainted) to the water which 
the metal is to decompose,' the acid enables the metal to-combine 
with the oxygen of the water so readily and abundantly, that no 
heat is required to hasten the process. Of this I am going to show 
you an ^instance. I put into this bottle the water that is to be 
decomposed, the metal that is to effect that decomposition by com- 
bining with the oxygen, and the acid which is to facilitate the 
combination of the metal and the oxygen. You will see with what 
violence these will act on each other.* 

* To obtain hydrogen, fit a cork air tight to an oil flask, and pierce 
it with a burning iron, to admit a tube. The tube may be of glass, 
lead, or tin, bent to a convenient shape, and put into the opening 
made by the hot iron. Pour into the flask about a gill of water, and 
drop into it about an ounce of zinc, granulaited by melting, and 
pouring it into cold water. Then pour in half aii ounce by measure 
of sulphuric acid, and immediately put the cork into its place, and 
plunge the other end of the tube under a receiver, or large tumbler, ' 
filled with water, and inverted in the water bath. The flask grows 
hot, and the gas begins to rise the instant the acid is poured in ; a 
place therefore must previously^ be prepared to set it ; and if noth- 
ing better is at hand, a bowl, with a cloth in it, to prevent breaking 
the flask, and set at a convenient height, will do very well. — C* 

463. How can water be decomposed so as to produce the two gaaen 
separate ? 

464. How may water be decomposed by means of iron filings ? 
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Caroline, But what metal is it that you employ for this purpose ! 

Mrs. B. It is iron ; and it is used in the state of filings, as these 
present a ^ater surface to the aci(() than a solid piece of metal. 
For as it 18 the surface of the metal which is acted upon by tlie 
add, and is disposed to receive the oxygen produced by .the decom- 
position of the water, it necessarily iollows that the greater is the 
surface, the more coir^iderable is the effect. The bubbles which 
aie now rising, on 'the hydrogen gas 

Caroline. How disagreeable it smells ! 

Mrs. B. It is indeed unpleasant, though I believe not particu- 
larlj hurtful. We shall not, however, suffer any more to escape, 
as It will be wanted for experiments. I shall therefore collect itjii 
a fflass receiver, by making it pass through this bent tube, which 
will conduct into the water-batH^ (Fig. 20, No. 1.) 




1. Apparatai for preparing and collecting hydrogen gas. 3. Receiver full of liydr»> 
gen gas inverted over water. 

Emily. How very rapidly the gas escapes ! it is perfectly tr&nsps* 
rent, and without any color whatever. Now the receiver is fiilL 

Mrs. B. We shall therefore remove it and substitute another in 
its place. But you must observe, that when the receiver is full, 
it is necessary to keep it inverted with the mouth under water, 
otherwise the gas would Escape. And in order that it may not be 
in the way, I introduce within the bath, under the water, a saucer, 
into which I slide the receiver, so that it can be taken out of- the 
bath and conveyed any where; the water in the saucer being 
eqtially effectual in preventing its escape as, that in the bath. 
(Fig. 20, No. 2.) 

Emily. I am quite surprised to see what a large quantity of 
. hydrogen gas can be produced by so small a quantity of water, 
especially ^ oxygen is the principal constituent of water. 

Mrs. 6. In weight it is ; but not in volume. For though the pro* 
portion, by weight, is nearly(eight parts of oxygen to one of hydrO' 
gen,}yet the proportion of Uie volume of the gases is about one part 

465. Why are iron filings, in this experiment, better than a solid i 
piece of metal ? 

466. How may hydrogen gas be collected as the water is decom* 
posed? 

467. What are the proportions of oxygen and hydrogen in water?. 
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of oxygen to two of hydrogen ; so much heavier is the fonner than 
the latter.* 

OaroUne. But why is the yessel in which the water is deoom- 
posed so hot ? As the water changes from a liquid to a gaseous 
form, cold should be produced instead of heat. 

Mrs. B, No ; for if one of the constituents of water is converted 
into gas, the other becomes solid in combining with the metal. 

Emily, In this case, then, neither heat nor cold should be pro- 
duced? 

Mrs. B. True ; but observe that the sensible heat which is dis- 
engaged in this operation, is not owing to the decomposition of the 
water, but to an extrication of heat pnrauced by the mixture of water 
and sulphuric acid. I will mix some water and sulphuric acid to- 
gether in this glass, that you may feel the surprii^g quantity of heat 
which is disengaged by their union — ^now take hold of the glass. 

Caroline^ Indeed I cannot ; it feels as hot as boiling water. I 
should have imagined there would have been heat enough disen- 
gaged to have rendered the liquid solid . 

Mrs. B. As, however, it does not produce that effect,* we cannot 
refer this heat to the modification (»]led latent heat. We may 
however, I think, consider it as heat of capacity, since the liquid 
is condensed by it^ loss ; and if you were to repeat the experiment, 
in a graduated tube, you would find the two liquids, when mixed, 
occupy considerable less space than they did separately. But we 
wiU reserve this to another opportunity, and attend at present to 
the hydrogen gas which we have been producing. 
/ If I now set the hydrogen gas which is contained in this receiver 
it liberty all at once^ and kindle it as soon as (it comes in contact 
with the atmosphere, by presenting it to a candle, fit will so suddenly 
and rapidly decompose the oxygen gas, by combining with its basis, 
that an explosion, or a detonation, (as chemists commonly call it) will 
be produced. For this purpose, I need only take up the receiver, 
and quickly present its open mouth to the candle so. . . 

Caroline, It producea only a sort of hissing noise, with a vivid 
flash of light. 1 had expected a much greater report. 

Mrs, B. And so it would have been, had the gases been closely^ 
confined at the moment they were made to explode. If, 'for in- 
stance, wis were to put in this bottle a mixture of hydrogen gas and 
atmospheric air ; and if, after corking the bottle, we should kinAle 
the mixture by a very fine orifice, from the sudden dilatation of the 
gases at the moment of their combination, the bottle must either fly 
to pieces, or the cork be blown out with considerable violence. 

Oaroline. But in the experiment which we have iust seen, if you 
did not kmdle the hydrogen gas, would it not equally combine with 
the oxygen ? 

Mrs. B, Certainly not : for, as I have just explained to yon, it 
is necessary that the oxyg[en and hydrogen gases be burnt together, 
in order to combine chemically and produce water. 

* Hydrogen is about. 13 times lighter than atmospheric air.— C. 

468. How much lighter is hydrogen than common air f 

409. How can hydrogen gas be made to produce an explosion with a 

»nd report? 
470. How can tits experiment named be varied so as to piodaoe a 

*wl report? 
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CaroHne. That ia tine ; but I thought thii was a difieient ooOh 
bination, for I see no water produced. 

Mrs. B. The water resulting from this detonation was so small 
in quantity, and in such a state of minute division, as to be invish 
ble. But water certainly was produced ; for oxygen is incapable 
of combining with hydrogen in any other proportions than those 
which form water; thererore, water must always be the result of 
their combination. 

If, instead of bringing the hydrogen gas into sudden contact with 
the atmosphere, (as we did just now,) so as to make the whole of 
it explode the moment it is Inndled, we allow but a very small 8o^ 
face of gas, to bum in contact with the atmosphere, the combustioo 
goes on quietly and gradually at the point of contact, without any 
detonation, because the surfaces brought together are too small for 
the ii^mediate union of 4he gases. The experiment is a yery easy 
one. { This phial, with a narrow neck, (Fig. 21, No. 1.) is rail of 
hydroijgen gas, and is careAilly corked. If I take out the cork 
without moving the phial, and quickly approach the candle tothe 
orifice, you wiU see how different the result will b o * * 

Emily, How pretty it burns, with a blue flame! 
The flame is gradually ^king within the phial— 
now it has entirely disappeared. But does not this 
combustion likewise produce water ? 

Mrs, B. Undoubtedly. In order to make the 
formation of the water sensible to you, I shall pro- 
cure a fresh supply of hydrogen gas; by putting mto 
' this bottle (Fig. 21, No. 2.) iron filings, water, and 

All sulphuric add, materials smiilar to those which we 
rjh^ have just used for the same purpose. I shall then 
^r cork up the bottle, leaving only a small orifice in 
the cork, vnth a piece of glass tube , fixed to it, 
through which the gas wiU issue in a continaed 
rapid stream, ^ 

Ckirotme. 1 hear already the hissing of the gas 
through the tube, and I can feel a strong curreot 
against my hand. 
Mrs. B. This current I am going to kindle with 

the candle — see how vividly it bums 

Mmly. It bums like a candle with a great flame^ 
But why does this combustion last so much longer 




of ^hy^r'S^'l than in the former experiment ? 

ti?*Si°'JSatiM*?f M'l^^'B. The combustion goes on uninterraptedly 



water by the onnbiu* 
tiM of hydrogMi 



rnibno. as long as the new gas continues to be produced.— 
■"• Now u I invert this receiver over the ^ame, you will 



• The levity of hydrogen is such, that if a vessel be filled with 
it, aftd kept inverted, it may be carried about the room without its - 
escaping. The above experiment, therefore, may be made by 
bringing a small jar, or tumbler of gas over a lighted lamp. — C. 

471. Can oxygen and hydrogen eonibiBe ia any other proportioDf 
than to produce water .^ 

472. What is represented in figure 21 ? 

473. How can it be made to bum like a candle ? 

474. If an inverted receiver filled with bj^drogen gas be held orv 
the flame of a lamp, what will be seen on its internal surface ? 
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won pereexve(tt8 internal sur&ce covered with a very fine dew> 
which is pare water.V-* ^ 

Caroline* Yes, indeed ; the glaqs is now quite dim with moia- 
tore. How glad I am that we can see the water produced hy this 
combustion. ^ , 

EmUy, It 18 exactly what I was anxious to see ; for I confess I 
was a little incnedulous. 

Mrs, B. 1£ 1 had not held the glass bell over the flame, the 
water would have escaped in the state of vapor, as it did in the 
fonner experiment. We have here, of course, obtained but a very 
small quantity of water ; but the difficulty of procuring a proper 
apparatus, with sufficient quantities of gases, prevents my showmg 
it you on a larger scale. 

The composition of water was discovered about the s^me period, , 
both by Mr. Cavendish, in < this country, and by the celebrated 
French cnemist, Lavoisier.\ The latter invented a very perfect and 
- iogenioos apparatus, to perform with great accuracy, and upon a 
large scale, the formation of water by the combination of oxygen, 
and hydrogen gases. iTwo tubes, conveying due proportions, the 
one of oxygen the oth^ of hydrogen gas, are inserted at opposite 
sides of a large globe of glass previously exhausted of air ; the two 
streams of gas are kindled within the globe, by the electrical spark, 
at the point where they come in contact ; they bum together, that 
is to say, the hydrogen combines with the oxygen, the c^iloric is set 
at tiberty, and a quantity of water is produced exactly equal in 
weight to that of the two gases introduced into the globe. ^ ' 

Caroline, And what was the greatest quantity of water ever 
formed in this apparatus ? 

Mrs. B. Several ounces ; indeed, very nearly a pound, if I recol- 
lect right ; but the operation lasted many days. 

Enaly, This experiment must La«« convinced all the world of 
the truth of the discovery. Pray if improper proportions of the 
gases were ioaixed and set fire to, what would be the result ? 

Jtfr5. B, rVVater would be equally formed, but there would be 
a residue oT either one or other of the gases, because as I have 
already told you, hydrogen and oxygen will combine only in the 
proportions requisite for the formation of water, j 

Enuj^. Look, Mrs. B., our experiment with the Voltaic battery, 
(See fi^. 19,) has made great progress ; a quantity of gas has been 
lormed m each tube, but in one of them there is twice as much as 
in the other. 

Mrs, B. Yes ; because, as I said before, water is composed of 

^The burning of a candle, lamp, wood, &c,, always produces 
water. The tallow and oil contain hydrogen, and dunnff combiuh 
tioQ, it unites with the oxygen of the atmosphere. Hold a wide 
tube over a lamp, and it is soon covered with moisture. Wo9d 
contains hydrogen.4-C. 

475. How is water produced hy the burning of a candle, Ump^ ^f 

476. What chemists discovered the composition of water.' 

477. How would you describe the apparatus invented by Lavmtier 
for converting oxygen and hydrogen gases into water? 

478. What would be the result if other proportions of. oxygen and 
bydrog^en gas were mixed than is proper for the production of water? 
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two Tolnmes of hydrogen to one of oxygen — and if we should now 
mix these gases together and set fire ib them by am eleetiical 
spark, both sases wonld entirely disappear, and a small quantity 
, of water would be formed . 

There is another curious effect produced by the condnntioD of 

» hydrogen gas, which I shall show you, though 1 mi»t acquaint you 
first, that! cannot well explain the cause of it. For this purpose, 
I hiust put some materials into our apparatus, in order to obtstio a 
stream of hydrogen gas, just as we have done before. The process 
^ 18 already going on, and the gas is rushing through the tube, I shafl 
now kindle it with % taper. 

Ermiy. ^It bums exactly as it did before— What is the curioas 
effect which you are mentioning ? 
Mrs, B. Instead of the receiver, by means of whifch we haie 
. just seen the drops of water form, we shall invert over the flame 
this piece of tube, which is about two feet in length, and one inch 
in diameter, but you must observe that it is open at both ends. 
' (Fv^. d^.) Emily, What a strange noise it produces ! something 
like the iEohan harp, but not so sweet. 

Caroline, It is very singular indeed ; but I think 
raLther too powerful to be pleasing. And is not this 
sound accounted for ? 

Mrs, B, That the percussion of glass, by a rapid 
stream of gas, should produce a sound, is not extraor- 
dinary : but the sound here is so peculiar, that no other 
gas has a similar efi^ct. Perhaps it is Owing to a brisk 
vibratory motion of the glass occasioned by the succes- 
A sive formation and condensattion of small drops of ^vrater 
W ^ on the sides of the ?lass tube, and the air rushing in to 
*|r replace the vacuum formed.* ,/ 
11 Caroline, How very much this flame resembles the 

^Jgi burning of a candle. 
f^^\ Mrs. B. The burning of a candle is produced by mwh 
the same means. { A great deal of hydrogen is contained 
in candles, whether of tallow or wax. This hydrogen 
being converted into gas by the heat of the candle, com- 
bines with the oxygen of the atmosphere, and fiame and 
, Water result from the combinationy So that in fact the 
^fJT^ flame pf a candle is owing to the cdmbustion of hydrogen 
• "* d'^b^ P^" ^^ elevation of temperature, such as is produced 
Se'el^mSraQf by a lighted match or taper, is required to ^ve the first 
hyd^otengu. impulse to the combustion ;,but afterwards it goes on of 
itself, because the candle finds a supply of caloric in tlie suocessiie 
q^uantjties of heat which result from the union of the two electrici- 
ties given out by the gases during their combustion. But there are 
other circuihstances connected with the combustion of candles and 
lamps, which 1 cannot explain to you till you are acquainted with 
carbon, which is one of their constituent parts. In general, how- 
el^er, whenever you dee^ flame, you may infer, that it is owing^to tho 

' *This iiigefiioUB explanation was flrst^ snggested by Dr. Sela- 
me. See JouiYials of the Royal institution, yol. i. p; 959. 





inroducing 



^ «i79; iVlftitturlou* experiment is exhibited^ ii&'£giire'2e? 
480. How is a common candled Inade to burn ? 



fonnation and bwniiig of hydrogen ga«*t; ^or flapie is the4)ecDliai 
iqpde of buriung hydrogen gas, which with only one or two appa- 
tent ex^ptions, does not belong to any other combustible. 

Emify. You astonish me ; I understood that ikume was the calorie 
produced by the union of the two electricities, in all con&bostions 
whatever. . 

Mrs. B. Your error proceeded from yottr va^ue and incorrect 
idea of flame ; you have confounded it with the hght and caloric in 
general. Flame always implies caloric, since it is produced by the 
combustion of hydrogen gas : but all caloric does not imply flame. 
Coals, for instance/ burn with flame, until all the hydrogen whicl) 
they contain is evaporated i but when they afterwards become red 
hot, much more caloric is disengaged than when they produce 
flame. 

Caroline. But the iron wire, which you burnt in oxygen gas» 
appeared to me to emit flame ; yet, as it was a simple metal, it 
ceuld contain no hydrogen. 

Mrs. B. It produced a sparkling, dazzling blaze' of li^ht, but no 
real flame. 

jEktVy. And what is the cause of the regular shape of the flame 
of a candlej ' i 

Mrs. B.' The regular stream of hydrogen gas which exhales 
from its combustible matter.* 

Caroline. But the hydrogen gas must, from its great levityj 
ascend into the upper regions of the atmosphere ; why, therefore, 
does not the flame continue to accompany it ? 

Mrs. B> The combustion of the hydrogen gas is completed at the 
point where the flame terminates : it then ceases to be hydrogen 
gas, as it is converted, by its combination with oxygen, into watery 
vapor ; but in a state of such minute division as to be invisible. 

Caroline. I do not understand what is the use of the wick of a 
candle, since the hydrogen gas burns so well without it. 

Mrs. B. j The combustible matter of the candle must be decom- 
posed, in order to emit the hydrogen gas ; and the wick is instru- 
mental in eflfecting this decomposition. Its combustion first melts 
the combustible matter, and — • 

Caroline. But, in lamps, the combustible matter is already fluid, 
and yet they also require wicks. , 

Mrs. B. I am going to add, that afterwards, the burning wick 
{by the power of capillary attraction) gradually draws up the fluid 
to the point where combustion takes place ; for you must have ob- 
served that the wick does not burn quite to the bottom. 

•Or rather htdro-carbonat, a jgas composed of hydrogen and car- 
bon, which will be noticed under the head Carbon. 

J^he candle also contains carbon, which gives brilliancy to the 
flame, and the produet of combination besides flame and water is & 
quantity of carbonic acid.--;K^. ' 

481. WJuU is said in the note of the burning tif a candle? 

482. What is flame? 

483. How lon^ will coals bum with flame .' 

484. To what is tb^ regular shape of the fl^me of a candle owlnff?^ 

485. If the flame of a candle is produced by Hydrogen gas, wl^ is 
the wick necessary .? 
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> CdroUne, Tea ; but I do not understand why it does not. 

Mrs. B, I Because the air has not so free an access to that part of 
the wick which is immediately in contact with the candle as to the 
part jttst above, so that the heat there is not sufficient to produce 
Its decomposition ; the combustion, therefore, begins a little above 
this point.*] 

Caroline. But, Mrs. B. , in those beautiful lights called gas lights, 
which are now seen in so many streets, and wilt, I hope, be sooa 
adopted every where, I can perceive no wick at all; How are these 
lights managed ? ' ' 

Mrs. B. I am glad yon have put me in mind of saying a few 
words on this' very useful and important improvement. In this mode 
of lighti&g,.rthe gas is conveyed to the extremity of a tube, wheie 
it is kindled^ and bums as long as the supply continues.^ Ther^ is, 
•herefoi'ey no occasion for a wick, or any other fuel whatever. 

EmUy. But how is this gas procured is such large quantities ? 

Mrs. B. It ,i9 obtained from coal, by distillation.^ Coal, when 
exposed to heat in a close- vessel, is decomposed ^ a^nd hydro^ea, 
which is one of its constituents, rises in a state of gas,' eombined 
with amither of its component parts, carbon, forming a compound 
fcsis, called ./fyf/ro-Oz7i6o7U7/,\ the nature of which we shall aus^m 
have an opportunity of noticing', when we treat of carbon. This 
gas, like hydrogen, is perfectly transparent, invisible, and highly 
mflammable ; and, in burning,, it emits that vivid light which yoa 
bave so oAen observed. 

Caroline. And does the process for procuring it require nothing 
but heating the coals, and conveying the gas through tubes ? 

Mrs. B. Nothing else, except that the gas must be made to pass, 
immediately at its formation, through two or three large vessels of 
water,t in which it deposits some other ingredients, and especially 
Water, tar, and oil, which also arise from the distillation of coals. 
.?he gas tight apparatus^ therefore, consists simply in a large iron 
▼essll, in which the coals are exposed to the heat of a furnace,— 
some reservoirs of water, in which the gas deposits its impurities^ 
and tubes that convey it to the desired spot, being propelled \(ith 
uniform vdocity through the tubes, by means of a certain degree 
of pressure which is nuide upon \he reservoir. 

:' * In the burning of a candle, the reason, why combustion does not 
take place in immediate contact with the tallow, is, that.the caloiic 
is here employed in converting, a solid into fluid, as explained in 
the cbnversalion on free caloric. In the burning of a lamp, if the 
same thing takes place, it is because the metallic tube through 
which the wick passes, conducts off the heat.r— C. 

f The gas is passed through one vessel of slacked Hme and water 
to absorb the carbonic acid gas, with which it is always more or 
less mixed, when first distiUed. — C. 

, 486. Why is it that the wick of a candle does not bum to the bottamf 

4o7. How are gas lights made to burn without wicks? 

488. What is the gas called, used in lighting the streets of toi» 
larffe cities ? 

48D. How is it obtained? 

490. Of what does the gas light apparatus consist? 



Emihf, What an' admirable oontiiVance ! Do you not think, Mn. 
B., that it will soon be »mversally adopted ? 

Mrs. B. Most probably; for the purpose of lighting streets, ioffi> 
ces, and public places^kt-^r surpasses any former invention $fbut in 
regard to the interior orprivate houses, this mode of lighting has not 
yet been sufiiciently tried -to know whether it will be found generally 
desirable, either with respect to economy or convenience. It inay* 
however, be apnsidered as one of the happiest applicalidns or 
chemistry to tlje comforts of hfe ; and there is every reason to sup- 
pose that it will answer the full extent of public expectation. ^ 

I hi^ye another experiment to show you with hydrogen gas, which 
I think, 'will entertain you. Have you ever blown bubbled with 
soap end water ? 

Emily. Yes, often, when I was a child ; and I used to make them 
float in the air by blowing them upwards. 

Mrs. B. We shall fill some bubbles with hydrogen gas, instead 
of atmospheric air, and you will see with whiit ease and rapidity 
they will ascend, without the assistance of blowing,' from the lis^ht- 
ness of the gas .A- Will you mix some soap and water, whilst IBX 
this bladder with the gas contained in the receiver which stands op 
the shelf in the water bath ? 

Caroline. What is the use of the brass-stopper and turn-cock 4t 
the top of the receiver ? 

Mrs. B. It is to afford a passage to the gas, when required. There 
is, you see, a similar stop-cock fastened to this bladder, whion 2fe 
made to fit on the receiver. I screw them one on the other, and 
nov turn the two cocks, to open a communication between the re- 
ceiver and the bladder ; then, by sliding the receiver off tiie shel^ 
aad gently sinking into the bath, the water rises in the receiver, and 
forces the gas into the bladder. (Fig. 23, No. I.) 

Caroline^ Yes. I see the bladder swell as the water rises in the 
receiver, 

Mrs. B. I think that we have already a sufficient quantity in the 
bladde^ for our purpose ^ we must be careful to stop both the cockt 
before we separate the bladder from the receiver, lest the gas should 
escape. — Now I must fix a pipe to the stopper' of the bladder, and 
by dipping its mouth into the soap and wa;ter, take up a few drop64 
then 1 again turn the cock, and squeeze the bladder, in order to 
force the i^as into the soap and water, at the mouth of the pipe, 
(Fig. 23, No. 2.J 

Emily. There is a bubble ; but it bursts before it leaves the mooUi 
of the pipe. 

Mrs. 6. We must h^ve patience and try again ; it is not easy to 
blow bubbles by means of a bladder, as simply^ with the breath. 

Caroline, Perhaps there is not soap enough in the water, I shoidd 
have had warm water ; it would have dissolved the soap better. 

Bjfmhf, Does not some of the gas escape between the bladder and 
the pipe ? 

' ■ •> • i < 

491 . What is said of lig&ting streets, offices, and pubUo pl«c^ ^lih 
this ffas ? • 

Ai&. How can bubbles of soap and water be made tofBoal in' the flir i 

How can these babbles be made so as ioex;pUKie onsetfeiag fiie to 
them? (See page 123.) 

493. What 18 represented in 23, No. lvA%i 
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No. 1 Appftrstus for tranifeiriDC gates from a Receiver iBt&aUaMer. No.i 
Apparatus tor blowing Soap bubbles. , 

MrB. B, No ; they are perfectly ak tight ; we shall succeed 
presently, I dare say. 

• Cktrohne. Now' a bubble ascends ; it moves with the rapidity of 
a balloori. Ho\t beautifully it refracts the lig-ht. 

Emily. It has burst against the ceiling — ^you succeed now won- 
derfully ; but why do they all ascend and burst against the ceiling? 

Mrs, B. (Hydrogen gas Is so much lighterthan atmospherical air, 
ihat it ascends rapidly with its very light envelope, which is buist 
%y the force with which it strikes the ceiling. 

Air-J)alloons are filled with this gas, and if they carry no other 
weight than iheir covering , would ascend as rapidly as these bubbles. 

Caroline. Yet their covering must be much heavier than that of> 
these bubbles ! 

Mrs. B. Not in proportion to the quantity of gas they c«ntain. 
I do not know whether you have ever been present at the filling of 
a, large balloon. The apparatus for that purpose is yery simple. 
' It consists of a number of vessels, either jars or barrels, in which 
the materials for the formation of the gaa are mixed, each of these 
bein^ furnished with a tube, and communicating with a long flexi- 
ble pipe which conveys the gas into the balloon. ^ 

Enuh/. But the fire ballqpns which were first invented, and have 
been since abandoned, on account df their being so dangerous, %eie 
eonstructed, I suppose, on a different principle. 

Mrs. B, They were filled simply with atmospherical ai^,con8ide^ 

404. With what are air balloons filled ? 

4Q5. What is the apparatus fo^ filling a large balloon with hydrogen 
gas? 

. 496. With what were fire balloons filled ? 
407. Why were they abandoned? 
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ably rarefied by heat f and the necessity of havinfif a €ie underneath 
the balloon, in order to preserve the rarefaction V>f the air within it, 
was the circumstance productive of so mach danger. \ 

If YOU are not yet tired of experiments, I have another to show 
you. IT It consists in filling soap-bubbles with a mixture of hydrogen 
and oxygen gases, in the proportions that form water : and after- 
wards settin? fire to them. ] 

Emily. They will detonate, I suppose. 

Mrs. B. Yes, they will. As jrou have seen the method of trans- 
ferring the gas from the receiver into the bladder, it is not necessary 
to repeat it. 1 have therefore provided a bladder which contains a 
due proportion of oxygen and hydrogen gases, and we have only to 
blow bubbles with it. 

Carohne. Here is a fine large bubble rising — shall I set fire to it 
with a candle ? 

Mrs. B. If you please. 

Caroline. Heavens, what an explosion ! • It was like the report 
of z ^un ; I confess it frightened me much. I never should have 
imagined it could be so loud. 

Emily. And the flash was as vivid as lightning. 

Mrs. B. The combination of the two gases take place during 
that instant of time that you see the flash, and he^r the detonation. 

Emily. This has a strong resemblance to thunder and lightning.f 

Mrs. B. These phenomena, however, are generally of an elec- 
trical nature. Yet various meteorological effects may be attributed 
to accidental detonations of hydrogen gas in the atmosphere ; for, 
nature abounds with hydrogen ; it constitutes a very eonsiderabks 
portion of the whole mass of water belonginff to our globe, and from 
that source almost every body obtains it. It enters into the com- 
position of all animal substances, and of a great number of minerals ; 
but it is most abundant^in vegetables.^ 'From this Immense variety 
of bodies it is often si)ontaneously discharged ; its great levity 
makes it rise into the superior regions of the atmosphere; and 
when, either by an electrical spark, or any cteual elevation of tem- 
perature it takes fire, it may produce such meteors or luminous 
appearances as are occasionally seen in the atmosphere. Of this 
kind are probably those broad flashes which we often see on a 
summer evening without hearing any detonation* 

Emily. Every flash, I suppose, must produce a quantity of water ? 

Caroline. And this water, naturally, descends in the form of rain. 

Mrs. B. That probably is often the case, though it is not a neces- 

• In making this experiment, always be cfireful to turn the stop- 
cock, or detach the bubble completely from the pipe befbre it is set 
fire to ; otherwise a sad accident may happen from the gas taking 
fire in the bladder. — ^C. 

1(The report is owing to the air, rushing in to fill the vacuum, 
caused by the condensation of the two gases, and the heat extricat- 
ed at the same instant)v— C. 

496. How can bubbles be made of soap and water so as to explode 
with a loud report, on setting fire to them .' 

499. To what is it said in tke noU that the rmort is owin^f 

500. In what substance is hydrogen most abundant ? 

501. How may heat lightning be accounted for ? 
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sary consequence ; fer the water may be dissolved by the atniM- 
phere, as it descends towards the lower regions, and remain there 
m the form of doads. 

The application of electrical attraction to chemical phenomena is 
likely to lead to many very interesting discoveries in meteorology ; 
for electricity evidently acts a most important part in the atmosphere. 
This subject, however, is, as yet, not sufficiently developed n>r me 
to venture enlarging upon it. The phenomena of the atmosphere 
sre far from being well understood : and even with the little that is 
known, I am but imperfectly acquainted. 

3nt beifore we take leave of hydrogen,, I must not omit to mention 
to you a most interesting discovery of Sir H. Davy, which is con- 
nected with this subject. 

Caroline. You allude, I suppose, to the new miner^s lamp, which 
has of late been so much talked of. I have long been desirous of 
knowing what that discovery was, and what purpose it was intend- 
ed to answer. 

Mrs. B. dt often happens in coal mines, that quantities of the gas 
called by chemists hydro carbonate or by the miners fire damp, (the 
same from which the gas lights are obtained,) ooze out from the fis- 
sures in the beds of coal, and fill the cavities in which the men aie 
at work ; and this gas being inflammable, the consequence is, that 
when the men approach those places, with a lighted candle, the gas 
takes fire, and explosions happen, which destroy tlie men and horses 
employed in that part of the colliery, sometimes in great niunbersj 

imUy. What tremendous accidents these must be ! But whence 
does that gas originate ? 

Mrs. B. Being the chief product of the combustion of coal, no 
wonder that inflammable gas should occasionally appear in situa- 
tions in which this mineral aboundsv since there can be no doubt 
that processes of combustion are frequently taking place at a great 
depth under the surface of the earth ; and, therefore, these accumu- 
lations of gas may arise either from combustions actually going on, 
or from former combustions, the gas having perhaps been confined 
there for ages. 

Caroline, And bow does Sir H. Davy's lamp prevent those 
dreadful explosions. 

Mrs. B. By a contrivance equally simple and ingenious ; and 
one which does no less credit to the philosophical views from which 
it was deduced, than to the philanthropic motives from which the 
iilquiry sprung. The principle of the lamp is shortly this : It was 
ascertained two or three years ago, both by Mr. Tenant, and by Sir 
Humphrey himself^ that the 'combustion of inflammable gas could 
not be propagated through small tubes ; so that if a jet of an in- 
flammable gaseous mixture, issuing from a bladder or any other 
vessel, through a small tube, be set fire to, it burns at the onfice of 
the tube but the flame never penetrates into the vessel. It is upon 
this fact that Sir Humphrey's safety lamp is founded. ^ 

Emily. But why does not the flame ever penetrate through the 

^ 502. Is it supposed that the subject of meteorology is well under- 
stood ? 

503. What disastrous effects often happen in coal-mines .' 

504. Whence does the hydrogen gas m mines originate ? 

505. Upon what discovery of Mr. Tenant and Sir H. Davy WM the 
miner's safety lamp founded .' 
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tabe into the vessel from which the gsa isBuds, so as to explode at< 
once the whde of the gas ? \ 

Mrs. B. (because, no doubt, the inflamed gas is so niueh cooled 
in its passage throug^h a small tube as to cease to bum beforp the 
combustion reaches Uie reserroir;, ^ 

Caroline, And how can this principle be applied to the construe^ 
tion of a lamp ? 

Mrs, B, Nothing easier. You need onlj suppose a lamp en- 
closed all round in glass or bom, but havmg a number of small 
open tubes at the bottom, and others at the top, to let the air in and 
out. Now, if such a lamp or lantern be carried into. an atmosphere 
capable of exploding, an explosion or combustion of the gas will take 
place ioiihin the lamp ; and although the vent afforded by the tubea 
will save the lamp from bursting, yet from the principle just ex- 
plained, the combustion will not be propagated to the external air 
through the tubes, so that no farther consequence will ensue. - 

Emily, And is that all the mystery of tjiat valuable lamp ? 

Mrs. B. No ; in the early part of the inquiry, a lamp of this kind 
was actually proposed ; but it wa& but a rude sketch compared to 
its present state. of improvement. Sir H. Davy, after a succession 
of trials, by which he brought his lamp nearer and nearer to per- 
fection, at last conceived the happy idea, that if the lamp were sur- 
rounded with a wire-wick or wire-gauze, of a close texture,, instep 
of glass or hofh, the tubular contrivance I have just deecnbed * 
would be entirely superseded, since each of the interstices oi the 
gaaz^ would act as a tube in preventing the propagation of explo- 
sions : so that this previous metallic covering would answer the 
various purposes of transparency, of permeability to air and pf pro- 
tection against explosion. This idea. Sir Huhiphrey immediately 
submitted to the test of experiment, and the result has answered 
bis most sanguines expectations, both in his laboratory and in the 
coUierie* where it has already been extensively tried. And he has- 
now the happiness of thinking that his invention will probably be 
the means of saving every year a number of lives, which would 
have been lost in digging out of the bowels of the earth one of the 
most valuable necessaries of life. Here is one of these lampsy every 
part of which you will at once comprehend. (Fig- 24.) 

Caroline. How very i^hnple and ingenious ! but I do not yet welt 
see why an explosion taking place within the lamp, should not 
communicate to the external air around it, through the interstice» 
of the wire ? 

Mrs. B, This has been, and is still a subject of wonder, even to 
philosophers ; and the only mode they have of explaining it is, that 
flame or ignition cannot pass through a fine wire work, because 
the metallic wire cools the flame sufficiently to extinguish it in 
passing through the gauze. This property of the wire gauze is 
quite similar to that of the tubes which I mentioned on introducing 
the subject ; for you may consider each interstice of the gauze a» 
an extremely short tube of a very small diameter. 

506. Why does not flame penetrate through a tube that coaveys hy- 
drogien gas so as to produce an explosion ? 
^7. Flow would you describe the miner's lamp .' 

508. What is the use of the miner's lamp? 

509. Which figure represents the miner's lamp ? 
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Ehufpt BtttlskOHld^xpeetthewire 
would often become red \]6i, by the 
burning of thte-eas' within the lamp. 

Mrs. B. And this is actually the 
case ; for the top of the lamp is very 
a]pt to become red hot. Bat fortu- 
nately, such inflammable, gaseous 
mixtures as are found in the mines, 
cannot be exploded by the red hot 
wire, (the intervention of actual flame 
being required for that purpose>; so 
that the wire does not set fire to the 
explosive gas around it. 

I}mily. I can understand that ; but 
if the wir6 be red hot Kow can it cool 
the flame within, and prevent its pass- 
ing through the gauze ? . 

Mrs. B. The gauze, though red hot, 
18 not so hot as the flame by which 
it has been heated; and as metallic 
wire is a good conductor, the heat 
does not much aocumulate in it,^as it 
passes oflT quickly to the other parts of 
the lamp, as well as to any contiguous 
bodies. 

Careline. This is indeed a most in- 
teresting discovery, and one which 
shows at once the immense utility 
with which science may be practically 
applied to some of the most important 
purposes. 



COTfYERSATION Tni. 

ON SULPHUR AND PHOSPHORUS. 

Mrs. B. Sulphur is the next sub- 
stance that comes under our consid- 
eration. - It differs in one essential 
p6int from the preceding, as it exists 
m a solid form at the temperature of 
the atmosphere. 

Caroline. I am glad that we have a. the cistern containing the oU. 
at last 'a solid body to examine : one B. the rim or »crew by which tiie 
that wi can "ee and touch Pray, is rrp.3A?rpr^fJj Tl 

It not with sulphur that the points of a wire for trimming the wick D. 
matches are covered, to make them f* the wire gauze cylinder. G. » 
easily kindle? double top. . 

510. What is necessary to produce explosions in inflanunable gtae- 
ous mixtures ? 

511. In what state does sulphur exist } 
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Mrs, B, Y«8, it is ; and you theiefore alf^did^lmdW^ that id- 
phiur i^avery eombnstible sabstante. ' It is seldom discovered ia 
nataire in a pure unmixed state ; so great is its affinity for other 
substances, that it is almost constantly found combined with some 
of them. It is most conmionly united with metels under noioos 
forms, and is separated from them by a very simple' process. .It' 
exists, likewise, in many mineral waters, and some vtegetables yield 
it io various proportions, especially those' of the crtteiftmn ^ibe. 
It is also fburtd in animal matter ; in short, it may be discovert in 
greater or less quantity !in the mineral, vegetable, and anunal 
Kingdoms.*! 

Ermhj, I have heard oi flowers of sulphur y^iQ they the produce 
of afty plant ? 

Mrs, B, By no means ; |hey consist of nothing more than com- 
mon sulphur, reduced in a very fine powder by a process called 
subkmalion. \ You see some of it in this phial; it is exactly the 
same substance as the lump of sulphur, only its color is a paler 
yellow, owing to its state olT very minute division. 
Emily. Pray, what is sublimation ? 

Mrs, B, (ix is the evaporation, or more properly speakiilg, the 
volatilization of solid substances, which, in cooling, condense again 
ioto a concrete form.> The process, in this instance, must be per- 
formed in a closed vessel, both to prevent combustion,' which would 
take place if the access of air were not carefuHy precluded,' lad 
MkeWise, in order to collect the substance aftei- the operation. As it 
is la^er a Blow process we shall not try the experiment now ; but 
yoa will understand it perfectly if I show you the appearatus used 
for the purpose, (fig. 95.) Some lumps of suij^ur are put into a 
'Fig. 25. receiver of this kind, which is called a eur 

curhit. Its shape, you 8ee,>somewh%t!resem- 
bles that of appear,' and is open at the top, 
so as to adapt itself exactly to a kind of con- 
ical receiver of this sort, called the head. 
The cucurbit, thus covered with its head 
is placed over a sand-bath ; this is nothittjg 
mo^e than a vessel full of sand, which 'is 
kept heated by a fumaoe,^ such as you see 
here, so as to preserve the apparatus in< a 
moderate and uniform temperature. "Die 
sulphur thra soon begins to4nelt, and wor 
mediately after this, a thick while smoke 
^rises, which is gradually deposited willan 
^ the head, or upper pa^rt of the* appai<a;tDS, 
- where it condenses against the sides^ some- 
what in the form of vegetation, whenoe«it 
SnbuiJitio^ of s»!!,'i,ur. ^as obtained the name rffioweis of solpter. 
Ar:Ai«knbie. B.flsndtatb. This apparatus, which is called tik4limUCf 
c. Faniaee. is highly usefiil 'in^« lU Idniils bf distilktioai, 

*Th« suiphnr of C6mmerce is'chiefij^'obtSinOd in the tidnity of , 

r S^^\ ^^ what may it be found ? 
ia3:Rdi4rdotheg6#far8ofsn]|ihttf<i HR 'l>i^ 

514. What is rablimation ? 

515. What does fij^ttrs^SB'^Mi^t? 

516. From what is the name <* Flowers of Sulphur,' 




derived? 
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as you will see when we come to treat of those operations. Alem* 
bics are not commonly made of glass, like this, which is a^licable 
only to distillation upon a very small scale. Those used in mana- 
factures, are generally made of copper, and are of course consid* 
erably larger. The general construction, however, is always the 
same, although their shape admits of some variation. 

Caroline. What is the use of that neck, or tube, which beads 
down, from the upper piece of the ap|>aratus ? 

Mrs, B. It is of no use in subUmations ; but in distillations, (the 
general object of which is to evaporate, by heat, in closed vessels, 
2ie volatile parts of a compound body, and to cqpdense them asam 
into a liquid,) it serves to carry off, the condensed fluid, which 
otherwise would fall back into the cucurbit. But this is rather 
foreign to our present subject. Let us return to the sulphur. 
You now perfectly understand, I suppose, what is meant by sab*' 
limation ? 

JEmiiy. I believe I do. Sublimation appears to consist in de- 
8tro]png by means of heat, the attraction of aggregation of the 
particles of a solid body, which are thus volatiliz^; and as soon as 
they lose the caloric which produced that effect,: they are deposited 
in the form of a fine powder. 

Caroline, It seems to me to be somewhat similar to the trans- 
formation of water into vapor, which returns to its liquid staie 
when deprived of caloric. 

Emily. There is this difference, however, that the sulphur does 
not return to its former state, since instead of lumps, it changes to 
a fine powder. 

Mrs. B' Chemically speaking, it is exactiy the same substance, 
whether in the form of lump or powder. For if this powder be 
melted again by heat, it will, in cooling, be restored to the same 
solid state in which it was before its subfiraation.^ 

Caroline. But if there be no Teal change produced by the subli- 
mation of the sulphur, what is the use of that operation ? 

Mrs. B. CIt divides the sulphur into very minute parts, and thus 
disposes it to enter more readily into combination with other bodies. 
It is used also as a means of purification.'} - ' ^ 

Caroline. Sublimation appears to me like the beginning of com- 
bustion, for the completion of which one circumstance only is 
wanting, the absorption of oxygen. 

Mrs. B. But that circumstance is every thing. (No essential 
alteiution is produced in sulphur by sublimation ; whilst in combos- 
tion it combines with the oxygen, and forms a new compound totaUy 
difilerent in every respect from sulphur in its^pure state. ) We shall 
now bum some sulphur, and you will see how very difl^'rent the le- 

▼olcanoes, or in volcanic countries, where it is brought up from the 
bowels of the earth by subli$nation. An inferior kmd is obtained 
by the distillation of pyrites. — C. 

517. What effect is produced if the flowers of sulphur are melted? 

518. If no real change is produced by the sublimation of sulphoi, 
what is the use of that operation ? 

519. What is the diflference between the sublimation and coinbustioB 
of sulphur ? " 

620. If sulphur is burnt, what will be the result? 
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mlt will be. For this purpose I put a small quantity of flowers of 
sulphur into this cup, and place it in a dish, faito w^eh I have pour-* 
ed a little water ; I now set fire to the sulphur with the point of this 
hot wire ; for its combustion will not begin unless its temperature 
be considerably raised. You see that fit bums with a faint bluish 
flame ; ^d as i invert over it this receiver, white fumes arise from 
the sulphur, and fill the vessel. You will soon perceive that ihe 
water is rising withui the receiver, a little above its level in the 
plate. Well, Emily, can you account for this ? 

Emily. I suppose tiiat the sulphur has absorbed the oxygen from 
the atmospherical air within the receiver, and that we shall find 
/ some oxygenated sulphur in the cup. As for the white smoke, I 
am quite at a loss to guess what it may be. v 

Mrs. B. Your first coniecture is very right ; but you are mis- 
taken in the last ; for nothing will be lefl in the cup. The white 
vapor is the oxygenated sulphur, which assumes the form of an 
elastic fluid of a pungent and offensive smell, and is a powerful acid. 
Here you see a chemical combination of oxygen and sulphur, pro- 
ducing a true gas, which would continue such under the pressure 
and at the temperature of the atmosphere, if it did not unite with 
the water in the plate, to which it imparts its acid taste, and all its 
acid properties. You see now with what curious effects the com- 
bastion of sulphur is attended. 

Caroline. This is something quite new ; and I confess that I do 
not perfectly understand why 3ie sulphur turns acid. 

Mrs. B. It is because; it unites with the oxygen, which is the 
acidifying principle. And indeed, the word oaygen is derived from 
two Greek words signifying to produce an acid. 

Cceroline. Why, then, is not water which contains such a quanti- 
ty of oxygen, acid ? 

Mrs. jB. Because hydrogen, which is the other constituent of 
water, is not susceptible of acidification.' I believe it will be neces- 
sary before we proceed further, to say a few words on the general 
nature of acids, though it is rather a deviation from our plan of 
examining the simple bodies separately, before we consider them in 
a state of combustion. 

Acids may be considered as a peculiar class of hunU * bodies, 
which during their combustion or combination with oxygen, have 
acquired very characteristic properties. They are chiefly discerni- 
ble by their sour taste, and by turning red most of the blue vegeta- 
ble colors. These two properties are common to the whole class 
of acids ; but each of them is distingfuished by other peculiar qual- 
ities. Every acid consists of some peculiar substances, (which 

*This might mislead the student. The acids are not all of them 
formed by burniuj?. All the vegetable acids, as the citric, malie, 
&c. exist ready rormed : some of them are contained in fruits, as 
in lemons, apples, &c.— C. 

531. What is the acidifying principle .' 

522. What does the term oxygen signify ? 

523. If oxygen is the acidifying principle, why does not water 
icid, since it contains so much of that gas ? 

524. Of what do acids connst ? 

Id 
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cwoBtitates its basis, and is different in each,) and of oxygen, wiucb 
« common to tbem all. 

EmiJy. Bat I do not clearly see the difference between acids aad 
^zyds. 

Mrs. B, Acids were in fact oxyds, which, by the addition of a 
eertain quantity of oxygen, have been converted into acids. \f or 
acidification, you must obserre always implies previous oxydatioD, 
as a body must have^combined with the quantity of oxygen requisite 
to constitute it an oxyd, before it can combine with the greater 
quantity which is necessary to render it an ackl. 

Caroline. Are all oxyds capable of being converted into adds? 

Mrs. B. Very far from it ; it is only certain substances whieb 
will enter into that pecuHar kind of union with oxy^n, that prods- 
ces acids, and the number of these is proportionally very small; 
but all burnt bodies may be considered as belonging either lo the 
dass of oxyds, or that of acids. At a future period, we shall entei 
more at large into this subject. At present, I have but one cir- 
cumstance further to point out to your observation respecting 
acids ; it is, that most of them are susceptible of two degrees of 
acidification, according: to the difierent quantities of oxygen with 
#hich their bases combine. 

Emih. And how are these two degrees of acidification distin 
guishedf. 

Mrs. B. By the peculiar properties which result from them.— 
The acid we have iust made is the first or weakest decree of acidi- 
fication, and is called sxdphureous add — if it were fmly saturated 
with oxygen, it would be called sulphuric add. You must there- 
fore remember, that in this, as in all acids, the first degree of acidi- 
fication is expressed by the termination in <m» — ^the stronger by tbe 
termination in ic. 

Caroline. And how is the sulphuric acid made } 

Mrs. B. J By burning sulphur over water, in pure oxygen gas, 
and thus rendering its combustion much more complete; I £iTe 
provided some oxygen gas for this purpose ; it is in that bottle, but 
we miist first decant the ^s into the glass receiver which stands oq 
the shelf in the bath, and is full of water. 

Caroline. Pray, let me try to do it, Mrs. B. 

Mrs. B. It requires some little dexterity — ^hold the bottom com- 
pletely under water, and do not turn the mouth upwards, till it is 
mimediately under the aperture in the shelf through which the gas 
id to pass into the receiver, and then turn it up graduaily. Very 
well ; you have only let a few bubbles escape, and that must be 
expected at a first trial. Now I shall put this piece of sulphur into 
the receiver, through the opening at tne top, and introduce along 
1«rith it a small piece of lighted tinder to set fire to it. This re- 
quires to be done very quickly, lest the atmospherics^ air should 
bhtain entrance, and mix with the pure oxygen gas. 
. Emily. How beautiful it bums ! 

Caroline. But it is already buried in the thick vapor. This, I 
suppose, is sulphuric acid ? 

o95. \^iat is the difierenee between oxyds and acids.' 
506. Afie all oxyds capable of becoming acids .' 
G27. What is tlie difierenee between su^hureous acids aad snlphBriA 
•eids? 526. How is sulphuric acid obtaiwd ? 
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Enu^. Are these acids always in a raeoas state > 

Mrs, B, Sulphureous acid, a& we have already observed, is a 

SennaDent gas, and can be obtained in a liquid form only bV con- 
ensing it in water^ In its pure state, the sulphureous acid is in* 
^ible, and it now appears in the form of a white smoke, from its 
combining with the moisture. But the vapor of the sulphuric acid, 
which vou havfe just seen to rise during the combustion, is not gas, 
but only a vapor, which condenses into liquid sulphuric acid, by 
losing its caloric. It appears, however, from -Sir H. Davy^s exj^r^ 
iments, that this formation and condensation of sulphuric acid, 
requires the presence of water, for which purpose, the vapor is 
received into cold water, which may afterwards be separated from 
ihe acid by the evaporation. 

Sulphur has hitherto been considered as a simple substance ; hot 
Sir H. Davy has suspected(^that it contains a small portion of hydro- 
gen, and perhaps also of oxygen. ^ 

On submitting sulphur to the action of a Voltaic battery, he ob- 
wrved that the negative wire gave out hydrogen ; and the existence 
of hydrogen in sulphur was rendered •still more probable by hit 
observing that a small quantity of water was produced during th« 
combustion of sulphur. 

Emiy. And pray of what nature is sulphur when perfectly pure^ 

Mrs. B. Sulphur has probably never been obtainea perfectly free 
from combination, so that its radical may possibly possess properties 
very different from those of common sulphur. It has been suspected 
to be of a, tnetajhc nature ; but this is mere conjecture; 

Before we quit the subject of sulphur, I must tell you that it is 
Basceptible of combining with a great variety of substances, aiid 
especially with hydrogen, with which you are already acquainted. 
Hydrogen gas can dissolve a small portion of it. - 

EmSy. What i can a gas dissolve a «olid substance ? 

Mrs. B. Yes ; a solid substance may be so minutely divided by 
heat, as to become soluble in gas ; and of this there a^e several in- 
stances. But you must observe, that, in the present case, a chemi^ 
cal union or combination ^ the sulphur with the hydrogen gas is 
Produced. In order to effect this, the sulphur must be strongly 
heated in contact with the gas ; and the heat reduces the sulphur Uk 
such a state of extreme division, and difiuses it so thorougl^y with 
the gas, that they combine and incorporate together. And as a 
proof that there must be a chcmicsU umon between the sulphur and 
the gas, it is sufficient to remark that they are not separated when 
the sulphur loses the caloric by which it was vxilatilized. Besides, 
it is evident, from the peculiar fetid smell of this gas, that it is a 
new compound, totally dif^rent from either ef its constituents ; it is 
called stUphuretied hydrogen gas, and is contained in great abun* 
dance in sulphureous mineral witters. 

Qiroline. Are not the Harrogate waters of this nature ? 

52i). Are sulphureous ^nd sulphuric acids alwavs in a gaseous state? 
530. What was Sir H. Davy's opinion concermng sulphur.^ 
■531. What is sulphur in its pure state .^ 
532. -Cui a gas dissolve a solid substance ? 
-533. Howesfl it be done ^ 

531 How is it known tliat the union between hydrogen gas and sul- 
phur is a chemical union ? 
<$3SL What is the product of this yuioo f 
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Mrs, B, Yes ; they are naturally impregnated with sulpbnretted 
hydrogen gas, and there are many other springs of the same kind, 
which show that this gas must often be formed in the bowels of the 
earth by spontaneous processes of nature. 

Caroling, And could not such waters be made artificially by 
impregnatingcommon water with this gas ? 

Mrs. B. Yes ; they can be so well imitated, as perfectly to 
resemble the Harrogate, waters. 

Salphur combines likewise with phosphorus, and with the alkalies, 
and alKaline earths, substances with which you are yet unacquaint- 
ed. We cannot, therefore, enter into these combinations at present. 
In our next lesson we shall treat of phosphorus. 

Emih/, May we not begin that subject to day ; this lesson has 
been so short ? 

Mrs. B. I have no objection, if you are not tired. What do yoa 
say, Caroline ? 

Caroline, I am as desiirous'as Emily of prolonging the lesson to- 
day, especially as we are to enter on a new subject ; /or I confess 
that sulphur has not appeared to me so interesting as the other 
Ample bodies. 

Mrs. B. Perhaps you may find phosphorus more entertaining. 
You must not, however, be discouraged when you meet with some 
parts of a study less amusing than others ; it would answer no good 
purpose to select the most pleasing parts, since, if we did not pro- 
ceed with some method, in order to acquire a general idea pf the 
whole, we coidd scarcely expect to take interest in any particular 
■ubjects. 

FHOBPHoairg. 

Pho spHOR trs iaconsidered as a simple body ; though , like sulphur, 
it has been suspected of containing hydrogen. It was not known by 
the earlier chemists. It was first discovered by Brandt, a chemist of 
Hamburgh) whilst employed in researches after the philosopher's 
•tone ; but the* method of obtaining it, remained a secret till it was a 
second time discovered both by Kunckle and Bayle, in the year 1680. 
You see a specimen of ^osphorus in this phial ; it is generally 
moulded into small sticks of a yellowish color, as you find it here. 

Caroline. I do not understand in what the discovery consisted : 
there may be a secret method of making an artificial composition ; 
but how can you talk of making a composition which naturally exists i 

Mrs. B. A body may exist in nature, so closely combined with 
other substances, as to elude the observation of chemists, or render 
it extremely difficult to obtain it in its separate state. This is the 
ease with phosphorus, which is so intimately combined with other 
substances, that its existence remained unnoticed till Brandt dis- 
covered the means of obtaining it free from other combinations. It 
is found in all animal substances, and is now chiefiy extracted from 

53G. What is there which shows that this gas is sometimes formed 
•pontanenaslv in the bowels of the earth ? 

537. Bv whom was phosphorus discovered ? 

538. What is the appearance of it ? 

539. How is phosphorus obtained ? 



bones hj a cbemieal pr4xse88. It exists also in some plants, that beai 
a strong analogy to animal matter in their chemica] composition. 

Emify^ But ii§ il never found in its pure separate state i ^ 

Mrs. B. Never ; and this is the reason why it remained so lonf 
undiscovered. 

Phosphorus is eminently oombustibie ; it raelto and takes fire at 
the temperature of^ne hundred degrees, 'and absorbs in its combo*- 
tioR^ nearly once 'and a half its own weight of oxygen.. 

Caroline, What ! will a pound of phosphorus consume a fojimii 
and a half of oxygen ? ' 

Mrs. B. So it appears from accurate experiments. I oan show 
yoa with what violence it combines with oVygen, by burning som^ 
of it in that gas. We must manage the experiment in the samf 
maoner as we did the combustion of sulphur. You see I am obliged 
to eat this little bit of phosphorus under water, otherwise tl^rc 
would be danger of its taking fire by the heat of my fingers. I 
now put it into the receiver, and kindle it by means of a hot wire, 

Emily. What a blaze ! I can hardly look at it. I never saw any 
thing so brilliant Does it not hurt your eyes, Caroline ? 

Otroline^ Yes ; but still I cannot help looking at it. A prod|* 

E'otts quantity of oxygen must, indeed, be absorted, when so m^adk 
jfat and caloric are disen^ged ! 

Mrs. B. In the eombusuon of a pound of phosphorus, a suffidenl 
quantity of caloric is set free, to melt upwards of a hundred pounds 
of ice') this has been computed by ilirect experiments with the c»- 
loometer. • 

Emily. And is the result of this combustion ^ like that of sulphur, 
anacid.>< 

Mrs. B. Yes ; phosphoric acid. And had we duly proportioned 
the pho8phoT,CLS and the oxygen, they would have been completely 
convertea into phosphoric acid, weighing, together, in this new state, 
exactly the sum of uieir weights separately. The water would hav^ 
ascended into the receiver, on account of the vacuum formed, and 
would have fiMed it entirely. In this case, as in the combustion of 
flulphur, the acid vapor formed is absorbed and condensed in ik$ 
water of the receiver. But when this combustion is performed with^ 
out apy water or moisture being present, the acid then appears in 
the form of concrete whitish fiakes, which are, however, extremely 
ready to melt upon the least admission of mdsture. 

£m/y/ Does phosphprus, in burning in atmospherical air, pror 
duce like sulphur, a weaker S9rt of the same acid? 

Mrs. B. £^0 ; but it burns in atmospherical air, nearly at the 
same temperature as ^n pure oxygen gas ; and it is in both cases M 
strongly disposed to combine with the oxygen, that the oombustiai| 
is perfect, and the product similar : only in atmospherical air, beuAtt 
less rapidly supplied with oxygten^ the process is performed in % 
slow manner. 

540. WKy was it for a loHg time undiscovered P 

541. At what temperature will it melt and take fijre ? 

542. What proportion of oxygen will phosphorus consume, compan^ 
with its own weight ? 

543. How much caloiic will the combustion of a ponnd of phosoiior 
Wtsetfree? '^ 

544. What isUie result of the combustion of phonfaoipis# ^ 
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Otro&ne, But is there no method of acidifying phosphonai&a 
•lighter manner, 00 ^ to form phosphonts acid ? 

Mri. B, Yes, there is. When simply exposed to the atmospheie, 
phosphorus undergoes a kind of slow combustion at any tempeiatuie 
above zero. 

EmUy, Is not the process in this case rather an oxydation than 
% combination ? For if the oxygen is too slowly absorbed for a 
sensible quantity of light and heat to be disengaged, it is not a true 
Qombostion. 

Mrs, B. The case is not as you suppose ; a faint light is emitted, 
which is very discernible in the dark ; but the heat evolyed is not 
sufficiently strong to be sensible ; a whitish vapor arises from this 
combustion, which, uniting with water, condenses into liquid phos- 
phorus acid. 

Caroline, Is it not very singular that phosphorus should bum at 
BO low a temperature in atmospherical air, whilst it does not ban 
in pure oxygen, without the application of heat ? 

Mrs, B. So it at first appears. But this circumstance seems to 
be owing to the nitrogen gas of the atmospher^. This gas dissolves 
small particles of phosphorus, which being thus minutely divided 
and difilused in the atmospherical air, combines with the oxygen, 
and undergoes this slow combustion. But the same effect does not 
take place in oxygen gas, because it is not capable of dissolving 
phospnorus ; it is therefore necessary, in this case, that heat should 
be applied to effect that division of particles, which, in the £>rmer 
instance, is produced by the nitrogen. ^ 

. Emily. I have seen letters vnritten with phosphorus, which aie 
invisible by day light, but may be read in the dark by their own 
light. They look as if they were vnritten with fire ; yet they do 
' not seem to bum. 

Mrs, B, But they do really bum ; for it is by their slow combtts- 
tion that the light is emitted ; and phosphorus acid is the result of 
this combustion. 

Phosphorus is sometimes used' as a test to estimate the purity of 
atmospherical air. For this pur^se, it is burnt in a graduated tube, 
called an Eudiometer, (fig. 26,) and the proportion of oxygen in the 
air examined is deduced from the quantity of air which Fig. 36. 
the phosporus absorbs ; for the phosphorus will absorb Eudioneier. 
all the oxygen, and the nitrogen alone will remain, ^~^ 

. Emily, And the more oxygen is contained in the at* ^"^'^ 
mosphere, the purer, I suppose, it is esteemed ? 

Mrs, B, Certainly. Phosphorus, when melted, com- 
bines with a great variety of substances. With sulphur, 
it forms a compound so extremely combustible that it |^ 
immediately takes fire on coming in contact with the air. ^ 
It is with this composition that phosphoric matches are 
prepared which kindle as soon as they are taken out of 
their ease, and are exposed to the air. 

545. Why will phoBphorus bum at so low a temperatnre in atnoa- 
pherioal air, when it does not bum in pure oxygen without the appU- 
eation of heat .' 
. 646. For what is phosphorus sometimes used ? 

647. What instrument is used for this purpose^ and how is the puit^ 
of the air ascertained by itf 

M8. How are phospfaorio matchM made ? 
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Emihf, I have a iM>x of these curiouB matches ; but I hare ob- 
served that in very cold weather, th^ will not take fire without 
being previously rubbed. 

Mrs, B, By rubbing them you raise their temperature ; for you 
know, friction is one of the means of extricating heat. 

Emihf, Will phoephorus, like sulphur, combine with hydrogen 
gas? ■ 

Mrs.B. .Yes} and the compound eas which results from this 
combination ha^ a smell still more fetiS than the sulphuretted hj* 
droeen : it resembles that of garlic. 

The phosphoretted hydrogen gas has this remarkable peculiarity, 
that it takes fire spoqtaneously in the atmosphere at ulrj temperar 
ture.^ It is thus, probably, that are produced those transient flames 
or flaishee of light, called by the vulgar, WiU-of'the-Wisp, or more 
properly, Ignes-falui, which are often seen in church-yards, and 
places where the putrefactions of animal matter exhale phosphorus 
and hydrogen gas^ 

Caroline, Country people who are so much frightened- by those 
appearances, would soon be reconciled to them if they knew from 
what a simple cause they proceed. 

Mrs. B, There are other combinations of phosphorus that have 
also jrery singular properties, particularly that which results from 
its umon with lime. 

Bmly, Is /there any name to distinguish the combination of two 
sabstances, like phosphorus and lime, neither of which are oxygen, 
and which cannot therefore produce either an oxyd or an aoid ? 

Mrs, B, The names of such combinations are composed from 
those of their ingredients, merely by a slight chan^ in their teiw 
mination. Thus, the combination of sulphur with lime is called a 
sulphuret, and that of phosphorus,, a phosphuret of U/ne,* This latter 

*Pho8phuret of lime is a very curious substance. To quake it, 
take a thin glass tube, 6 or 8 inches long, and less than half an inch 
in diameter ; if it is closed at one end, so much the better, but a 
cork will do. Near the closed end put a piece of phosphorus half 
an inch long. Then put in by means of a stick or v^mre, holding 
the tube horizontally, thirty or forty pieces of newly burned quick 
lime, about the size of split peas, letting the lowest remaia two or 
three inches from the phosphorus. Then stop the other end of the 
tube loosely, and place the part containing the quicklime jn a bed 
of charcoal, so contriving it that a candle or red hot iron can be 
brought under the part where the phosphorus lies. Kindle a fire 
by means of bellows, and heat the lime red hot, without melting 
the phosphorus, which may be kept cool by a wet rag : when thJ3 
is done, bring the hot iron or candle under the phosphorus^ so as to 
make it pass through the quicklime in the form of vapor. Cork 
ip the phosf^uret of lime for use.— C. 

^9. Will phosphorus combine with hydrogen ? 

550. What remarkable peculiarity has phosphoretted hydrogen gas? 

551. How is it Bup|M)6ea that the ignes-fatui are oroduiBed? 

552. What is the combination of phosphorus with lime, called? 
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compomid^ I vas going to w,j9 !>&« the sSngular property of diy 
composing Water, merehi by bein^ thrown into it. It effects this by 
absorbing the oxygen of water, m consequence of which, babbles 
Af hydrogen gas ascend, holding in solution a small quantity of 
phosphorus. 

Emily, These bubbles then are phosphoretted hydrogen gasf 

Mrs, B. Yes ; and they produce the singular appearance of a 
tiash of fire issuing from water^ as the bubbles kindle and detonate 
on the surface of the water, at the instant that they come in contact 
with the atmosphere. 

Caroline. Is not this effect nearly similar to that produced by the 
combination of phosphorus and sulphur, or, more properly speak- 
ing, the pho^kuret of sulphur 1 

Mrs^ B. Yes ; but the phenomenon appears more extraordinarj 
in this case, from the presence of water, and from the gaseous form 
of the combustible compound. Resides, the experiment surprises 
by its greal; simplicity. You only throw a piece of phosphuret of 
lime into a glass of water, and bubbles of fire will immediately 
issue from it^ 

Caroline, 'Cannot we try the experiment? 

Mrs. B, Very easily; but we must do it in t|ie open air; foi 
the smell of the phosphoretted hydrogen gas is so extremely/etid, 
that it would be intolerable in the house). But before we lea?e the 
room, we laay produce by another process, somiB bubbles of the 
same gas, which are much lees ofifensive. 

There is in this little glass retort a solution of potasl^ and water; 
I add to it a small piece of phosphorus. We must now heat the 
retort over the lamp after having engaged its neck under water— 
you see it begins to boil ; in a few minuteaC bubbles will appear, 
which iak& fire and detonate as they issue Irom the wate^. 

Caroline. There is one — and another. How curious it is J— But 
I do not understand how this is produced. 

Mrs. B. It is th^ conseqiience of a display of afilnities too compli' 
cated, I fear, to be made perfectly intelligible to you at present. 

In a few woi^s, the reciprocal action of the potash, phosphoras, 
caloric, and water are such, that some of the water is decomposed, 
and the hydrogen gas thereby formed carries off some minute par- 
ticles of phosphorus with which it forms phosphoretted hydrogen 
gas, a compound which spontaneously takes fire at almost any 
temperature. 

Emily, What is that circular ring of smoke which slowly rises 
from each bubble afler its detonation ? 

Mrs. B, Jt consists of water and phosphoric acid in vapor, which 
are produced by the combustion of hydrogen and phosphorus. 

563. What singular peculiarity has the phosphuret of lime .' 
554 What will be the consequence if a piece of phoephuret of liioe 
is thrown into the water } 

555. Why is it necessary that this experiment be made in the open 
air? 

556. What will be the consequence If phosphorus be added to a soh^ 
^9f^ of potash and water, and the whole heated over a fire ? 
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ON CARBON. 

Caroline. Tq-day, Mrs. B., I believe we are to learn the nature 
&nd properties of carsok. This substance is quite new to me ; I 
never heard it mentioned before. 

Mrs. B. Not 80 new as you imagine ; for carbon is nothing 
more than; charcoal in a state of purity^ that is to say, unmixed with 
any foreigil ingredients. 

Caroline. But charcoal is made by aft, Mrs. B., and how can a 
body coftsisting of one simple substance be fabricated ? 

Mrs. B. You jfgain confound the idea of making a simple body 
with that of separating it from a compound. The chemical process* 
es by which a simple body is obtained in a state of purity, consist 
in unmaking the compound in which it is containea) in order to 
separate from it the simple substance in question. The method by 
which charcoal is usuauly obtained, is, indeed, commonly called 
making it ; but upon examination, you will find this process to con- 
sist simply in separating it from other substances with which it is 
found combined in nature. 

Carbon forms a considerable part of the solid matter of all organ- 
ized bodies ; but it is most abundant(in the vegetable creation, and 
it is chiefly obtained from wood, when the oil and water (which 
are other constituents of vegetable matter) are evaporated, the 
black, porous, brittle substance that remains, is charcoal. 

Caroline. But if heat be applied to the wood in order to evaporate 
the oil and water, will not the temperature of charcoal be raised so 
as to make it burn ? and if it combines with oxygen, can we any 
longer call it pure ? ' 

Mrs. B. I was going to add, that, in this operation, the air must 
be excluded. 

Carolme. How then can the vapor of oil and water fly off? 

Mrs. B. In order to produce charcoal in its purest sfate (which 
is, even then, but a less imperfect sort of carbon,) the operation 
should be performed in an earthen retort. — Heat bein^ applied to 
the body of the retort, the evaporable part of the wood will escape 
through its neck, into which no air can penetrate, as long as the 
heated vapor continues to fill it. And if it be wished to collect these 
volatile products of the wood, this can easily be done by introducing 
the neck of the retort into the water bath apparatus, with which you 
are acquainted. But the preparation of common charcoal, such as 
is used in kitchens and manufactures, is performed on a much larger 
scale, and by an easier and less expensive process. 

Emily. I have seen the process of making charcoal. The wood 
is ranged on the ground in a pile of a pyramidical form, with a fire 
underneath ; the whole is then covered with clay, a few holes only 
being leil for the circulation of air. 

667. What is carbon ? 

668. In what consists the chemical process by which a simple body 
18 obtained in a state of purity ? 

669. In what is charcoal found in most abundance ? 



Mrs. B. These holes ue dosed as soon as the wood is fairly ]i^bt» 
ed, so that the combustion is checked, or at least continues but in a 
very imperfect manner; bui the heai prodoiced by it is sufficient to 
force out and volatilize, through the eartiiy cover, most part of the 
oily and watery princifdes of the wood, although it cannot reduce h 
to ashes. 

EmUyr Ispure carbon a« black as diatcoal ? 

Mrs. B, The purest caibon we can prepare is so ; but chemisli 
have never yet been able to separate it entirelv from hydrogen. Sii 
jl. Davy sajTs, that the most perfect carbon tnat. is prepar^ by ait 
contains about five per cent, of hydrogen ; he is of opmion tt^t if 
we could obtain it quite free from foreign ingredients, it would be 
metallic, in common with other simple substances. 

But there is a form in which charcoal appears, that I dare say will 
surprise you. This ring, which I wear on my finger, owes its bril* 
liancy to a small piece of carbon. 

Caroline, Surely you are jesting, Mrs. B. 

Emily. I thought your ring was diamond. 

Mrs. B. It is 80. But diamond is nothing more than carbon in a 
crystallized state. 

Emily. That is astomshing ! Is it possible to see two things ap- 
parently more dijQTerent than (fiamond and charcoal ? 

Caroline. It is indeed, curious to think that we adorn oui^ves 
with jewels of charcoal ! 

Mrs. B. There are many other substances, consisting chiefly of 
carbon, that are remarkably white. Cotton, for instance, is almost 
wholly carbon. 

Caroline. That, I own, 1 could never have imagined ! But pray, 
Mrs. B., since it is known of what substance diamond and cotton 
are composed, why should they not be manufactured, or imitated, 
by some chemical process, which would render them much cheaper) 
Bnd more plentiful than the present mode of obtaining them ? 

Mrs. B. You might as well, my dear, propose £at we should 
make Iflowers and fruit, nay, perhaps, even animals by a chemical 
process ; for it is known of what these bodies consist, since every 
thing which we are acquainted with in nature is formed from the 
various simple substances that we have enumerated. But you must 
not suppose that a knowledge of the component parts of a body will 
in every case enable us to imitate it. It is much less difficult to de- 
compose bodies, and discover of what materials they are made^ than 
it is to recompose them. The first of these processes is called anahf' 
sisy the last, synthesis. When we are able to ascertain the nature of 
a substance by both these methods, so that the result of one confirms 
that of the other, we obtain the most complete knowledge of it that 
we are capable of acquiring. This is the case with water, with the 
atmosphere, with most of the oxyds, acids, and neutral salts, and with 

560. How is charcoal in its purest state produced ? 

561. What is the common method of producing charcoal ? 

56^. What did Sir H. Davy suppose carbon would be, if free from 
foreign inffredients ? 

563. What does charcoal become on being crystallized ? 

564. What white substance is there, consisting chiefly of carbon ? 

565. What is to be understood by the terms analysis and synthesis 9» 
used by chemists ? 
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maty otfic^r compoands. But the mote eomplSeated ' c e mMuHt iomr 
«f nature, even in the mineral kingdom, are m ^neral htyond^oiir 
reach, and any attempt to imitate organized bodies must ever piov^ 
fruitless; their fOTBiation is a seeret whioh Msts-ttt theboeom of the 
Creator. You see, therefore, how vain it wouM be to attempt t» 
make cotton by ohemical means. But, surely, we have no reason to 
re^.t our inability in this instance, when nature ha3 so clearly 
pointed out a method of obtaining it in perfection and abundance. 

Caroline, I did not ima^ne that the principle of life could be im* 
itated by the aid of chemistry , but it aid not appear to me absurd 
to snppdse that chemists might attain a perfect mutation of inaai* 
mate nature. 

Mrs. B. They have succeeded m this point in a rariety of instan- 
ces ; but, as 3F0U justly observe, the principle of life, or even the 
Btouteand inttm'Jto organization of the vegetable kingdom, are se- 
crets that have almost entirely eluded the researches of philoso- 
phers ; nor do T imagine that human art wiU ever be capable of in- 
▼estigating them with complete success.' 

EmU^. BvLt diamond, since it consists of one simple, unorganized 
Mbetance, might be, one would think, perfectly imitable by art. 
\ ilfrf. B, It is sometimes as much beyond our power to obtain « 
limple body in a state of perfect parity, as it is to imitate a oompli*> 
Mied combination ; for the operation by which nature separates 
bodies are frequentl^r as inimitable as Ulose whieb she uses mr their 
combination. This is the case with carbon : all the eflbrts of ohem* 
itts to separate it entirel}^ ftom other snbsianoes have been fruitless, 
and in the purest state yi which it can be obtained by art, it still 
retains a portion of hydrogen, and probably of some other foreign 
ingredients. We are ignorant of the means which nature envoys 
to crystallize it. It may probably be the work of ages, to purify, 
uraags, and unite the paiticles of carbon^ in. the- form of a diamond. 
Here is some charcoal, in the purest state we can procure it ; yon 
Ke that it is a very black, brittle, liffht, porous subatonoe, entirely 
^eetitote of either taste or smell. Heat, without air, produces no 
alteration in it, as it is not volatile ; but on the contrary, it invari* 
a>bly remains at the bottom of the vessel, after all the other parts of 
the vegetables are evaporated. 

SmUy. Yet carbon is, no doubt, combustible, since you say that 
charcoal would absorb oxygen, if air were admitted during its pre- 
paration.. 

. parohne. Unquestionably. Besides, you know, Emily, how much 
t is used in cooking. But pray^, what is the reason that charcoal 
^uns without smoke, whilst a wood fire smokes so much ? 
J^' B. Because, in the conversion of wood into charcoal, the 
'Witile particles of the former have been evaporated. ' 

Carohne. Yet I have frequently seen charcoal bum with flame ; 
^^Jjfore. it must, in that case, contain some hydrogen. 
. ^- 6: You should recollect that charcoal, especially that vdiich 
^ Q8ed for common purposes, is not perfecUy pure. It gaaeadly 

^- In what cases is obtamed the most perfect knowiedtte' of ttif 
"*J*f of eompdund bodies ? 
ow. Have means ever been discovered to oiystalliie carbon ? 
wB. What is the reason that ohatcoal buns without smoke i 
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/ retains iKmie remains of the yariooa other compcment parts of y^- 
etables, and hydrogen l>articularly, which accounts for the flame in 
question. 

CktroUne. But what becomes of the carbon itself during its com- 
bustion ? 

Mrs. B. It gradually combines with the oxygen of the atmos- 
phere;, in th^same way as sulphur and phosphorus, and, hke those 
substances, it is converted into a peculiar acid, which flies off in a 
gaseous form. There is this difference, however, that the add is 
not, in this instance, as in the two cases just mentioned, a mere 
oondensible vapor, but a permanent elastic fluid, which always 
remains in the state of a ^, under any pressure and at any ten^- 
peratnre. The nature of ttus acid was firet ascertained by Dr. black, 
of Edinburgh ; and, before the introduction of the new nomencla- 
ture, it was called ^6^ air. It is no^ distinguished by the more 
appropriate name o((carbonic acid gas>^ 

Emily. Carbon, then, can be volatilized by burning, though by 
heat alone, no such effect is produced ? 

Mrs. B. Yes ; but then it is no longer simple carbon, but an add 
of which carbon forms the basis. In this state, carbon retains no 
more appearance of solidity or corporeal form than the basis of any 
other gas. And you may, 1 think, from this instance, derive a more 
clear idea of the basis of the oxygen, hydrogen, and nitrogen gases, 
the existence of which, as real bodies, you seem to doubt, because 
they were not to be obtained simply in a solid form. 

Emiihf. That is true ; -^e may conceive the basis of the oxygen 
and of the other gases, to be solid, heavy substances, like carbon ; 
but so much expanded by caloric as to become invisible. 

OBtroHne. But does not the carbonic acid gas partake of the 
blackness of charcoal ? 

Mrs. B. Not in the least. Blackness, you know, does not ap- 
pear to be essential to carbon, and it is pure carbon, and not char- 
coal, that we must consider as the basis of carbonic acid. ^^We shall 
make some carbonic acid, and, in order to h^ten the process, we 
shall burn the carbonic in oxygen gas. 

MfnUy. But do you mean, then, to bum diamond ? 

Mrs. B. Charcoal will answer the purpose still better, being 
softer and more easy to inflame ; besides the experiments on dia- 
mond are rather expensive. 

CaroUne. But is it possible to bum diamond ? 

Mrs. B. Yes, it is ; and in order to effect this combustion, noth- 
ing more is required than to apply a sufficient degree of heat, hj 
means of the blow-pipe, and of a stream of oxygen gas. Indeed, it 
is by burning diamond that its chemical nature has l^en ascertained. 

569. From what does the flame in the burning of charcoal proceed ? 

570. In the combustion of charcoal, what becomes of the carbon ? 
671. What is the gas called formed by the combination of carbon 

and oxygen.' 

572. Why does not carbonic acid gas partake of the blackness of 
ohareoa], if prepared from that material.^ 

573. How has the chemical nature of diamonds been ascertained ? 
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It has kmg been known ae a combnstible sabetanee, bat it is withiB 
tbeae few years only that the product of its combastion has been 
proved to be (pure carbonic acid.\ Thi^ remarkable discovery is 
due to Mr. Tennant. 

Now let us try to make some carbonic acid, ^ill ypu, Emily, 
decant some oxygen gaa fnHn this large jar into the receiver in 
which we are to bum the carbon ; and I shall introduce Ihis small 
piece of charcoal, with a little lighted tinder, which will be neoe»- 
saiy to give the first impulse to combustion; 

Jbrrnhf, I cannot conceive how so small a piece of tinder, and 
that but just lighted, can raise the temperature of the carbon suffi- 
ciently to set fire to it ; for it can produce scarcely any sensible 
heat, and it hardly touches the carbon. 

Mrs. B. The tmder thus kindled has only heat enough to benn 
its own eombustion, which, however, soon becomes so rapid in tne 
oxygen gas, as to raise the temperature of the charcoal suificiently 
finr this to bum likewise, as you see is now the case. 

JSknify. I am surprised that the combustion of carbon is not more 
brilliant ; it does not give out near so much light or caloric as phos- 
phorus or sulphur. Yet siace it combines with so much oxygen, 
why is not a proportional quantity of light and heat disengu^ 
from the decomposition of the oxygen gas, and the union of iti 
electTicity with that of the charcoal ? 

Mrs. Ja. Is it not surpjising that less light and heat should be 
liberated in ihis than in almost any other combustion, since the 
oxygen, instead of entering into a solid or liquid combination, as it 
does in the phosphoric and sulphuric acids, is employed in forming 
another elastic fluid ; it therefore parts with less of its caloric. > 

JSSmify. True ; and, on second consideration, It appears on the 
contrary, surprising that the oxygen should, in its combination with 
carbon, retain a sufficient portion of caloric to maintain both sub- 
stances in a gaseous state. 

Caroline. We may then judffe of the degree of solidity in which 
oxygen is combined m a burnt body, by the quantity of caloric 1U>- 
erated during its combustion ? 

Mrs, B. Yes ; provided that you take into the account the quan- 
tity of oxygen absorbed by the combustible body, and observe the 
proportions which the caloric bears to it. 

Caroline. But why should the water after the combustion of 
carbon, rise ii^the receives, since the gas within it retains an aezi- 
finrm state ? 

Mrs. B.. Because the carbonic acid gas is gradually ab6orb64 
by the water ; and this effect would be promoted by shaking the 
receiver. 

Emily. The charcoal is now extinguished, though it is not nearly 
consumed ; it has such an extraordmary avidity for oxygen, I sup- 
pose, that the receiver did not contain enottg[h to satisfy the who6. 

Mrs. B. That is certainly the case ; for if the combustion were 

574. What is the production of their oombuftion ? 
695. Why is so titUe light and heat disengaged in the combiistieB of 
carbon? 
06; Does oadMmimite with mow thaii one pioportk«e£oiyfMi? 
13 



^rformed fo the exact proportions of S9 parts of carbon ta 79 of 
^oxygen, both these ingredients wouM disappear, and 100 parte of 
canKmv& acid would be produced. ^ 

Cctroline, Carbonic acid must be a very strong acid, since it ooo- 
tains so great a proportion of oxygen ? 

Mrs. B. That is a very natural inference ; yet it is erroneouft. 
For t}}e carbonb n the weakest of all the acids. The strength of 
an acid seems to depend upon the nature of its basis, >and its mode 
of combination, as well as upon the proportion of the acidifying 
principle. The same quantity of oxygen that will convert some 
Dodies into strong adds, will only be sufficient simply to exydate 
others. 

Caroline. Since this acid is so weak, I think chemists shoidd 
have called it the aerianons, instead of the carbonic acid. 

Emily. But, I suppose, the carbonous acid is still weaker, and is 
formed by burning carbon in atmospherical air. 

Mrs. B. It has been lately discovered, that carbon may be con- 
verted into a gas, by uniting with a small proportion of oxygen; 
but as this gas does not possess any acid properties, it is no more 
than an oxyd; it is called gaseous oxyd of carbon. 
" CaroUne. Pray is not carbonic acid a v«y wholesome gas to 
breathe, as it contains so much oxygen ? 

Mrs. B. On the contrary, it is extremely* penucibu&. \ Oxygen, 
when in a state of combination with other substances, loses, in 
almost every in^ance, its respirable properties, and the sakbiioua 
effects which it has on the animal economy when in its unconfined 
•tate. Carbonic acid is not only unfit for respiration, but extremely 
deleterious if taken into the^ungs. 

Emihf. Yon know, Carohne, how very unwholesome the fimies 
of burning charcoal are reckoned.' 

CaroUne. Yes ; but to confess the truth, I did not consider thai 
a charcoal fire produced carbonic acid gas.*— Can this gas' be cmr 
densed into a liquid } 

Mrs. B. No ; for, as I told you before, it is 9 permanent elastic 
fluid. But water can absorb a certain quantity of this gas, and can 
<^Ven be impregnated with it, in a very strong degree, by the assist- 
anoe of agitation and pressure, as I am going to show yoo. I shafi 
decant some carbonic acid gas into this bottle, which I fill first with 
^ater, in order to exclude the atmospherical air ; the gas is then 
introduced through the water, which you see it displaces, for it will 
loot mix with it in any quantity, unless strongly agitated, or allowed 
to stand over it for some time. The bottle is now about half full of 
carbonic acid gas, and the other half is still occupied by the water. 
By corking the bottle, and then violently shaking it, in this way, I 
can mix the gas and water together. iN^ow will you taste it I 

Emilu. It has a distmct acid taste. 

CaroUne. Yes, it is sensibly sour, and appears full of little bubbles^ 

Mrs. B. It possesses likewise all the other properties of add, bnt 

577. On what does the strength of an acid depend ? 
498. Why is not carbonic acid good for respiration, since it contaias 
a large gaantity of ozycren ? 

579, Why are the rames of burning charcoal reckoned nnwhole* 

580. How can water be impregnated with carbonic gas 2 
881. WlMatsSeltnrfiNindtoV<«»al7na; ^^ 
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f>f iMrarse, in a leas degree than the pare carbonic acid ra, as it is 
80 much dilated by water. This is a Kind of artificial Seltzer water. 
By analysing that which was produced by nature, it was found to 
contain scarcely any thing mtfte than'common water, impregnated 
with a certain proportion of carbonic acid gas. ' We are therefore 
able to imitate it by mixing those proportions of water and carbonio 
acid. Here, my dear, is an instance in which, by a chemical pro- 
cess, we can exactly copy the operations of nature ; lor the artificial 
Seltzer waters can be made in every respect similar to those of nar 
tnre ; in one point, indeed, the former have an advantage, since they 
may be prepared stronger or weaker, as occasion requires. 

Caro&ne, I thought I had tasted such water before.. Bed what 
renders it so brisk and sparkling ? 

Mrs, B, This sparlding or e&rvescenoe, as it is called, is always 
^occasioned by the action of an elastic fluid escaping from a liquid ; 
in the artificial Seltzer water it is produced by the carbonic acid, 
"which being lighter than the water in which it was strongly con- 
densed, flies off with ^reat rapidity, the instant the bottle is ua- 
«corked; this makes it necessary to drink it immediately. The 
babbling that took place in this bottle was but triflin?, as the water 
was but very slightly impregnated with carbonic acid. It requires 
a particular apparatus to prepare the gaseous artificial mineral 
waters. 

Emily, If, dien, a bcfttle of Seltzer water remaiins for any lengtk 
of time uncorked-, I suppose it returns to the State of common waterl 

Mrs. R, The whole of the carbonic acid ^as, or very nearly so, 
will socm -disappear : but there is likewise in Seltzer water, a very 
srnaU qitantity c€ soda, and a few other saline or earthy ingredient8| 
which will remain in the water, fhdugh it should be kept uncorked 
for any length of time. 

Caroline. I have often heard of people drinking soda-water. — 
Pray what sort of water is that ? 

Mrs. B. It is a kind oi artificial Seltzer water, holding in solutioa 
besides the gaseous acid, a particular saline substance, called ^oda, 
which imparts to the water certain medicinal qualities. 

Caroline. But how can these waters be so wholesome, since car- 
bonic acid is so pernicious ? 

Mrs, J9t. A gas^ we may conceive, thougjh very prejudicial to 
breathe, may be beneficial to the stomach. But it wouid be of os 
M&e to attempt explaining this more fuMy at present. 

Caroline. Are waters never impregnated with other gases? 

Mrs^ B, Yes ; there are several kinds of gaseous Waters. I foi^ 
-^ot to tell you that waters have, for some years past, been prepared, 
mipre^ated both with oxygen and hydrogen gases. These are not 
an imitation of nature, but are altogether obtained by artificial 
means. They have been lately used medicinally, particularly on the 
continent, where, I understand they have acquired some reputation, , 

EmUy. If I recollect right, Mrs. B., you told us that carbon was 

582. How is the brisk and iparkling aftpearance ia Seltzer water oc- 
casioned? 

^83. What is soda water ? 

584. How can these waters be wholesome since carbonic acid is so 
^roicious? 

d85. What other gaseous waters have been prepared, and for what 
purpose? 
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capable of decompoediig -water ; the affinity between oxygen and cat* 
bon must, therefore, be greater than between oxygen and hydrogen^ 

Mrs. B. Yea ; but this is not the dase, unless their temperatnie 
be raised to a certain degree. It is only when carbon is red hot, 
that it is. capable of separating the oxygen from the hydrogen, 
Thus, if a small quantity of water be thrown on a red hot fire, it 
will increase rather than extinguish the combustion ; for the coals 
of wood, (both of which contain a quantity of carbon,) decompose 
the water, and thus supply the fire both with oxygen and hydrogen, 
gases. If, on the contrary, a large mass of water be thrown over 
the fire, the diminution of heat thus produced is such, that the 
combustible matter loses the power of decomposing the water, and 
the fire is extinguished. 

Emuty, I have heard that fii'e engines sometimes do more hann 
than good, and that Xhey actually increase the fire when they can- 
not throw Water enough to extinguish it. It must be owing, no 
doubt, to the decomposition of the water by the carbon during the 
conflagration. 

Mrs. B. Certainly. — ^The apparatus which yon see here (fig. 27,) 

Fig. 27. 
DecompoBition of water by Carbon. 




A. Retort cntitaining water. B^ Lamp to heat the water. CC. Porcelain toW 
eontainiiig carbon. D. Furnace through which the tube passes. E. Receiver for 
tbe gas produced. F. Water bath. 

may be used to exemplify what we have just said. It consists in a 
jcind of open furnace, through which a porcelain tube, containing 
charcoal, passes. To one end of the tube is adapted a glass retort 
with water in it ; and the other end communicates with a receiver 
placed on .the water bath. A lamp being applied to the retort, and 
the water made to boil, the vapor is gradually conveyed through 
the redhot charcoal, by which it is decomposed ; and the hydrogen 
gas, which results from this decomposition, is collected in the re- 
ceiver. But the hydrogen thus obtained is far from being pure ; it 
tetains in solution a minute portion of carbon, an/i contains also a 
quantity of carbonic acid. This renders it heavier than pure hydro- 
gen gas, and gives it some peculiar properties : it is distinguished 
By the name of carbonated hydrogen gasi 

587. Why will a small quantity of water thrown upon a fire increase 
rather than diminish it .? 

588. How would you describe the experiment made by the use of 
. figure 27 ? 

589. What is the gas called produced in the experiment.^ 
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V 

QaroBne. And whene^ does it obtain the CTrboaic add that m 

mixed, with it? 

Enuhf, I believe I can answer that question, Caroline.— From 
the union of the oxygen (proceeding from the decomposed water) 
with the carbon, which, you know, makes carbonic acid. 

Caroline. True:-! shodd have reeoUected that. The prodoet 
of the decomposition of water by red-hot charcoal, therefore, iM 
carbonated hydrogen gas, and carbonic acid gas. 

Mrs, B. You are perfectly right, now. 

Carbon is frequentiy^ found combined with hydrogen, in a state 
of solidity, especially m coals, which owe their combustible natoro 
to these two principles. 

Emiiy, Is it the hydrogen^ then, that produces the flame of 
ooals ? 

Mrs, B. It is so; and when all the hydrogen is consumed, the 
carbon continues to bum without flame. d\A again, as I mentioned 
when speaking of the gas lights, the hydrogen gas produced hy the 
barning of coals, is not pure ; for, during the combustion, particles 
«f carlran are successiyely volatilisied with the hydrogen, with which 
they ioxyxi what is called a h/dro-carbanatj which is the principal 
prodttct of the combustion. 

Carbon is a. very bad conductor of heat ; for this reason it is em- 
ploved (in conjunction with other ingredients) for coating fumaees, 
aod other chemical apparatus. 

ErnUy. Pray, what is the use of coating furnaces > 

Mrs. B. In most cases in which a furnace is used, it is neeessaijr 
to produce and preserve a great degree of heat, for which purpose 
every possible means are used to prevent the heat from escaping by 
commanicatinfiT with other bodies, and this object is attained by 
coating over the inside of the furnace with a kind of piaster, com- 
posed of materials that are bad conductors of heat. 

Carbon, combined with a small quantity of iron, forms a com- 
pound called plumbago, o^ black lead, of which pencils are made. 
This substance, agreeably to the nomendature, is a carburet &f 
iron. 

Ermh/^ Why, then, is it called black lead ? 

Mrs, B. It is an ancient name given to it by ignorant people^ 
from fts ehining metaUie appearance ; but it is certainly a most 
hnproper name for it, as there is not a particle of lead in the con^ 
position. There is only one mine of this mineral, which is in 
Cumberland.* It is supposed to approach as nearly to pure carbon 
as the best prepared charcoal does, as it contains only five parts of 
iron, unadulterated by any other foreign ingredients. There h 
uiotiier carburet of iron, in which the iron, though united only to 

* She means in England. Black lead is Ibund in a great variety 
of pla ces in this country. — C. 

' ^. By what is the flame of burning coals occasioned ? 

^1. Why is carbon used for coating ftimaoes and other chemical 
•pptntos? 

§99. Of what is black lead made ? 

^. Why U it called blaek lead .' 

^. What is steel? 

18 • 
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an extremely small pioportion of carbon, acquires very renuokaUe 
properties ; this is steel. 

Caroline, Really ; and yet steel is much harder than iron ? 

Mrs, B, Bat carbon is not ductile like iron, and therefore may 
render the steel more brittle, and prevent its bending so easily, 
'Whether it is that the carbon^ by introducing itself into the pores 
of the iron, and, by filling them, makes the metal both harder and 
heavier; or whether this chance depends upon some chemical 
cause, I cannot pretend to decide, fiut there is a subseqaent 
operation, by which the hardness of steel is very much increased, 
wiuch simply consists in heating the steel till it is red-hot, and then 
pluming it mto cold water. 

Carbon,- besides the combination just mentioned, enters intoUie 
composition of a vast number of natural productions ; such, for iib 
stance, as all the various kinds of oils, which resuk from the oonb » 
hination of carbon, hydrogen, and caloric, in various proportions. 

EmUy. I thought that carbon, hydrogen, and caloric, foimed 
carbonated hydrogen gas. 

Mrs, B, That is the case when a small portion of carbonic add 
gas is held in solution by hydrogen gas. Different proportions of 
Uie same principles, together with the circumstances of their imion, 
produce very different combinations ; of this you will 9«e innumer- 
able examples. Besides, we are not now talking of gases,' but of 
carbon and h3^drogen, combined only with a quantity of caloiic, 
sufficient to bring them to the consistency of oil or fat. 

Caroline, But oil and fat are not of the same consi^tence ? 

Mrs. B. Fat is only congealed oil ; or oi], melted fat. . The one 
requires a little more heat to maintain* it in a fluid state than the 
other. Have you never observed the ifat of meat turned to oil by 
the caloric it has imbibed from the fire ? 

EmUy, Yet oils in general, as salad-oil, and lamp-oil, do not turn 
to fat when cold ? 

Mrs, B, Not at the common temperature of the atmosphere, be* 
/cause they retain too much caloric to congeal at that temperature; 
but if exposed to a sufficient degree of cold, their latent heat is 
extricatecL and they become solid, hx substances. Have you nerer 
seen salad-oil frozen in winter ? 

Emily, Yes ; but it appears to me in that state very di&mt 
fmok animal fat, 

Mrs, B, The essential con9tituent parts of either vegetable or 
animal oils are the same carbon and hydrogen ; their variety arises 
^m the different proportions of these substances, and from other 
' accessory ingredients that may be mixed with them. The oil of a 
whale, and Uie oil of roses, are, in their essential constituent parts, 
the same ; but the one is impregnated with the offensive particles of 
animal matter, ^he other with me delicate perfume of a flower. 

The difference of fixed oUs, and volatile or essential oUs. consists 
^80 in the various proportions of carbon and hydrogen. Fixed oib 

605. To what it the hardness of steel owine ? 

596. What is the difference between fat and oil ? 

597. What aie the essential constituent parts of oil ? 

598. What is the difference between offensive animal, aQ4 fingna^ 
fie|etab)e oil? 



OAKMrn. 147 

are those which will tiot evaporate without hefng decomposed^ this 
is the case with all common oils, which contain a greater proportion 
of carhon than the essential oils. The essential oils (which com* 
prehend the whole class of essences and perfumes) are lighter ; they 
contain more equal proportions of carbon and hydrogon, and are 
volatilized or Evaporated without bein^ decomposed.- 

Emily. When you say that one kind of oil will evaporate, and 
the other be decomposed, you mean, I suppose, by the applioation 
of heat ? 

Mrs, B, Not necessarily ; for there are oils that will evaporate 
slowly at the common temperature of the atmosphere ; but for a 
more rapid volatilization, or for their decomposition, the assistance 
of heat is required.* 

Caroline, 1 shall now remember, I think, that fat and oil are le- 
aDy the same substances, both consisting of carbon and hydrogen ; 
that in fixed oils the carbon preponderates, and heat produces a 
decomposition ; while, in essential oils, the proportion of hydrpgen 
is greater, and heat produces a volatilization only. 

Emily. I suppose the reason why oil bums so well in lamps, ia 
because its two constituents are so combustible ? 

Mrs. B. Certainly ; the combustion of oil is just the same as 
that of a candle : if tallow, it is only oil in a concrete state ; if wa^^, 
or spermaceti, its chief chemical ingredients are still hydrogen and 
cwbon. 

Emhf. I wonder, then, there should be so great a difference be* 
tween tallow and wax ? 

Mrs. B. I must ag-ain repeat, that the same substances, in dilQ^ 
ent proportions, produce results that have sometimes scarcely any 
resemblance to each other. But this is rather a general remark 
that I wish to impress upon your minds, than one which is applica- 
ble to the present case ; for tallow and wax are. far fron^ being very 
dissimilar^ the chief diflfefence consists in the wax being a purer 
compound jDf carbon and hydrogen than the tallow, which retains 
more of the £^oss particles of animal matter. The combustion of a 
candle, and that of a lamp, both produce water and carl>opic acid 
gas. Can you tell me how these are formed ? 

Emily. Ijei me reflect .... Both the candle and lamj^bum by 
means of fixed oil — ^this is decomposed as the combustion goes on, 
and the constituent parts of the oil being thus separated, the carbon 
npites with a portion of oxygen from the atmosphere to form carbo- 
nic acid gajB, whilst the hydrogen combines with another portion of 

•The volatile or essential oils evaporate when exposed Ijo the air. 
Hence the odor which oil of lavender, peppermint, &c. give out. 
The animal oils, and what are called ezpres^ oils, as that of castor, 
&c. do not evaporate. Hence a good test of the purity of essential 
oil, is, to let a drop fall on paper. If a grease-spot remains a^r a 
few miniites, it is adulterated with some fixed oil. — C. 

S99. What are fixed oils? 
^. What are essential oils ? 

601. Why will oil burn so well in lamps? 

602. In what does the difference between tallow and wax consist? 
^. How may the adulteration of volatile oil be detected f 

M, What aie the pioducts of \)fa eomhiistion of oils ? 
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oxygen vdA fonoA with it water* — ^The prodnetSy theiefore, of the 
toommistion of oils, are water, and earhonic acid gas. * 

Caroline, But we see neither water nor, carbonic acid produced 
by the combustion of a bandle. 

Mrs.. B^ The carbonic acid gas, you know, is invisible, and the 
water being in a state of vapor is so likewise. Eniily is perfectly 
OMTeet in her explanation, and I am very much pleased with it. 

All the vegetable acids consist of various proportions of carbon 
and hydrogen, acidified by oxygen. Oums, sugar, and starch, aie 
likewise eomposed o^ these ijogredients ; but, as the oxygen which 
they contain is not sufficient to convert them into adds^ they an 
idassed with the oxyds, and caJJed vegetable oxyd. 

Caroline, I am extremely delighted with «J1 these oewideu; 
' liut, at the same time, I cannot help being apprehensive that I nuiy 
forg-et many of them. 

Mrs. B^ I would advise you to take notes, or, what would answer 
(better stiU, to write down, after every lesson, as much of it as you 
can recollect. And, in order to five you a little assistance, I shall 
lend you ihe heads or index? which I occasionally consult for the 
sake of preserving some method' and arrangement in these conve^ 
sations. Unless you follow some such plam, you cannot expect to 
retain nearly all that you learn, how great soever be the impression 
it may make on you at first. , 

Emity. I will certainly follow your advice. Hitherto I have 
found that I recollected pretty well, what you have taqglu us ; but 
the history of carbon is a more extensive subject than ajgij of t^e 
simple bodies we have yet examined. 

Mrs. B. I have little more to say on j^rbon at presenjt ; hut 
hereafter ywx will see that it performs a cousiderable part P4 chem- 
ical operalioins^ 

Carolme,. That is, I suppose, owing to its entering into theiH>m- 
position of so great a variety of substances ? 

Mrs. B. Oertaiinly ; it is the basis, as you have seen, of aD 

. vegetable matter ; and you will find that it is very essential to the 

process of animalization. But in the mineral kingdom^ also, pa^ 

ticularly in its form of carbonic acid, we shall di^over i| combined 

with a greai variety of substances. 

In chemical operations^ carbon is particularly useful, from its vezy 
great attraction for oxygen, as it will absorb this substance from 
many oxygenated or burnt bodies, and thus de-oxy^enate, or unburn 
ihem, and restore them jU) their original combustible state. • 

Caroline. I do not understand how a body Can be unbunU, and 
restored to its original state^ This piece of tinder, for instance, 
•ihat has been burnt, if by ai»y queans oxygen were extr^tecl from 
it, would not be restored to its former state of linen ; for its texture 
is destroyed by burning, and that must be the case with all organ- 
ized or manoiactured sub^aiaces^ as you observed iq a former ooiir 
Tersation. 

Mrs. B. A eompoiind body is decomposed by combustion in a way 
which generally precludes the possibility of restoring it to its former 
state ; the oxygen, for instance, does not becolne fixed in the tinder 

€05. Of what do the vegetable acids consist'' 
606. Hew d^s carbon restore oxydated svbstances to their combni^ 
tibk stole? 
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bat it oombines with itS'Tolatile parts, Mnd flies off in the shape of 
gas or watery vapor. You see, therefore, how vain it would be to 
attempt the recomposition of such bodies. But, with regard 'to 
simple bodies, or at least bodies whose eomponent parts are not dis- 
turbed by the process of oxygenation or de-oxygenation, it is often 
possible to restore them, af^r combustion, to their original state* 
The metals, for instance, undergo no other alteration by combustion 
than a combination with oxygen ; therefore, when ^e oxygen is 
taken from them, they return to their pure metallic state. But I 
shall say nothing further of this at present, as the metals will furnish 
ample subject for another morning ; and they are the class of sim- 
ple bodies that come next under consideratioui 



CONVERSATION X» 

ON METALS.. 

Mrs. B, The mbtals, which we are now to examine, are bodies 
of a very different nature from those which we liave hitherto con^ 
sidered. They do not, like the bases of gases, elude the observa- 
tion of our senses ; for, they are the most brilliant, the most pouf 
derous, and the most palpable substances in nature. 

Caroline. I doubt, however, whether the metals will appeax to us 
BO interesting, and cive us so much entertainment, as those myste« 
nous elements which conceal themselves from our view. Besides^ 
they cannot afford so much novelty : they are bodies with which we 
are already so well acquainted. 

Mrs. B. You are not aware, my dear, of the interesting discove- 
ries which were a few years ago made by Sir H. Davy, respecting 
this class of bodies . By the aid of the Voltaic battery , he has obtained 
from a variety of substances, metals before unknown, the properties 
ofswhich are equally new and curious. We shall begin, however, by 
noticing those metals with which you profess to be so well acquaint- 
ed. But the acquaintance, you will soon perceive, is but very super- 
ficial, and I trust you will find both novelty and entertainment in 
considering the metals in a chemical point of view. To treat of this 
subject fully, would require a whole course of lectures ; for metals 
form of themselves, a most important branch of practical chemistry. 
We must, therefore, confine ourselves to a general view of them* 
These bodies are seldom found naturally in tbeir metallic form : they 
are generally more or less oxygenated, or combined with sulphur, 
earths, or acids, and are often blended with each other. They are 
found buried in the bowels of the earth in most parts of the world, 
but chiefly in mountainous districts, where the surface of the globe 
has been disturbed by earthquakes, volcanoes, and other convulsions 
of nature. They are spread m strata or beds, called veins, and these 
veins are composed of a certain quantity of metal, combined with 

607. What alteration do metals undergo from combustion ? 
606. What is the subject of this conversation ? ^ 

609. Are metals generally found in their pure metallic state ? 

610. In what state are they usually found to exist? 

611. In what places are they chiefly discovezed? 
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Tsrioos earthy tfubstanoes, with which they fonn minerals of dilfeh 
€iit nature and appearance, which are called ores. 

CaroUne. I now feel quite at home, for my father has a lead mine 
in Yorkshire, and I have heard a great deal about veins of ore, and 
of the roasting and smelting of lead ; but, I confess that I do not 
uiderstand in what these operations consist. 

Mrs. B, Roasting is the process by which the volatile parts of 
the ore are evaporated ; smelting, that by whidi the pure metal is 
afterwards separated from the earthy remains of the ore. This is 
done by throwing the whole into a furnace, and mixing it with cer- 
tain substances that will combine with the earthy parts and other 
foreign ingredients of the ore ; the metal being the heaviest, falls 
to the bottom, and runs out by proper openings, in its pure metallic 
state. 

Emily. You told us in a preceding lesson, that metals had a great 
affinity for oxygen. Do they not, therefore, combine w^ith oxygeo, 
when strongly heated in the furnace, abd run out in the state of 
oxyds ? ^ 

Mrs. B. No ; for the scoriae, or ox^d, which soon forms on the 
surface of the fused metal when it is oxydable, prevents the aii 
l&om having any further influence on the naass ; so that neither 
combustion nor oxygenation caii take place. 

Caroline. Are all the metals equally combustible ? 

Mrs. B. No; their attraction for oxygen varies extremely. 
^here are some that Will combine with it only at a very high tem- 
perature, or by the assistance of acids ; whilst there are others that 
t)xydate spontaneously, and with great rapidity, even at the lowest 
temperature ; 'such is, in particular, manganese, which scarcely 
^ever e^tsin the metallic state, as it immediately absorbs oxygen 
on being exposed to the air, and crumbles to an Dxyd in the course 
of a few hours. 

Emily. Is not that the oxyd from which yon extracted the oxy- 
gen gas ? * 

JMr«. B, It is : so that, you see, this metal attracts oxygen at a 
tow temperature, and parts with it \Vhen strongly heated. 

Emihf. Is there any other metal that-oxydates at the temperature 
>of the atmospltere ? 

Mrs, B. They sdl do, more or less, excepting gold, silver, and 
platina. 

Copper, lead, and iron,oxydate slowly in the air, and cover them- 
selves with a sort of rust, a process which depends on the gradual 
conversion of the surface into an oxyd. This rusty surface pre- 
serves the interior metal from oxydation, as it prevents the air from 
coming in contact with it. Strictly speaking, however, the word 
rust applies only to the oxyd, which forms on the surface of iron, 
when exposed to air and moisture, which Dxyd appears to be united 
with a small portion of carbonic "acid. 

612. How are they refined f 

613. What prevents the combustion and oxygenation of metab, wbes 
in a state effusion? 

614. Are ail metals equally combustible ? 

615. To what ia their difference in this respect owing? 

616. Bo metals ozvdate on bein^ exposed to the air ? 

617. By what is the rust occasioned that takes place on copper and 
iron? 
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JBhufy, When metals oxydatefrom the atmoepheie without an 
elevation of t^tnperature, some light and heat, I suppose, must be 
disengaged, though not in sufficient quantities to be sensible. 

Mrs. B, Undoubtedly ; and, indeed, it is not surprising that, in 
this case, the light and heat should not be sensible, when you con- 
sider how extremely slow, and, indeed, how imperfectly, most met- 
als oxydate by mere exposure to the atmosphere.' For the quantity 
of oxygen with which metals are capable of combining, generally 
depends upon their temperature ; and the absorption stops at vari- 
ous points of oxydation, according to the degree to which their tem- 
perature is raised. ^ 

Emih/. That seems very natural ; for the greater the quantity of 
caloric introduced into a metal, the more will its positive electricity 
be exalted, and consequently the stronger ixdll be its affijiity for ox- 

Mrs, B, Certainly. When the metal oxygenates with sufficient 
rapidity for light and heat to become sensible, combustion actually 
takes place. But this happens only at very high temperatures, 
and the product is nevertheless ai\ oxyd ; for though, as I have just 
said, metals will combine with different proportions of oxygen, yet 
with the exception of only five of them, Uiey are not susceptible of 
acidification. 

Metals change oolor during the difierent degrees of oxydation 
which they\inaergo. Lead, when heated in contact widi the at- 
mosphere, first b^mes gray ; if its temperature be then raised, it 
turns yellow, and a still stronger heat changes it to red. And it is 
even capable of a stronger degree of oxydation, in which the oxyd 
is puce colored. Iron becomes successively a gieen, brown and 
white oxyd. -Copper changes from brown to blue, and lastly ^en. 

JEmify, Pray, is tfie white lead with which houses are pamted, 
prepared by oxydatine^ lead ? 

Mrs. B. Not merefy by oxydating, but by being also united with 
carbonic acid. It is a carbonat of lead. The mere oxyd of lead is 
called red lead. Litharge is another oxyd of lead, containing less 
oxjrgen. Almost all the metallic oxyds are used as paints. The 
various sorts of ochres consist chiefly of iron more or less oxydated. 
And it is a remarkable circumstance, that if you bum metals rapid- 
ly, the light or flame they emit during combustion partakes of the 
colors which the oxyd successively assumes. 

CaroUne. How is that accounted for, Mrs, B., since light does 
not proceed from the burning body, but firom the decomposition of 
the oxyeen ffas ? 

Mrs, B, The correspondence of the color of the light, with that 
of the oxyd which emits it, is, in all probability, owing to some par- 
ticles of the metal which are volatilized and carried offby the calorie* 

618. Are light and heat disengaged when metals oxydate firom the 
atmosphere, without an elevation of temperature ? 

619. Why are they not perceived ? 

620. What changes of color do lead, iron, and copper undergo during 
their di&rent degrees of oxydation? 

G21. How ia common white lead obtained ? 

G22. For what purpose are moat of the metallic oxyds used ? 

G23. How are yellow paints or otfhies obtained, or of what tie tkef 
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OaroUne. It is then a soit of metallio pa. 

Emily, Why is it reckoned so unwholesome to breathe the au of 
a place where metals are melting ? 

Mrs, B, Perhaps the notion is too generally entertained. But it 
18 true widi respect to lead, and some other noxious metals, because 
Bnless care be taken, the particles of the oxyd which are volatilized 
' ' the heat axe inhaled with the breath, and may produce dangerous 

I must show you some 
instances of the combu»- 
tion of metals; it would re- 
quire the heat of a furnaee 
to make them bum in the 
common air, but if we 
supply them with a stream 
of oxygen gas, we may 
easily accomplish it. 

Caroline, It will still, 1 
suppose, be necessary ip 
some degree to raise thai 
temperature ? 

Mrs. B, This, as you 
shaU see, is very easily 
done, particularly if the 
experiment be tried upon 
a small scale. I befi:iD by 
hghting this piece of char- 
coal with the candle, and 
then increase the rapidity 
of its'combustion by blow- 
ing upon it with a blow- 
pipe. (Fig. 28, No. 1.) 

EmiSy, That I do not 
understand ; for it is not 
every kind of air, but 
merely oxygen gas, that 
produces combustion.-;- 
Now you said that in 
breathing we inspired, but 
did not expire oxygen gas. 
—Why, therefore, riiould 
the air which you breathe 
through the blow-pipe 
promote the combastioa 




Appvmtut fbr the eomtoati'm of metals by niMiM of the charcoal ? 
orozyMngu. No. 1. Igniting charcoal with a ta- Mrs,' B. Because the 
por and Uow-pipe. No. 3. Combastion of metals ^. _i, • l u-- >,„♦ once 
ly means of a Gow-pipe conveying a stream of «r which has but onw 
oxygen gas ftom a gas-holder. passed through the iangs> 

is yet but little altered, a small portion only of its oxygM 
teing destroyed ; so that a great deal more is gained bjr increM- 
ing the rapidity of the current, by means of the blo w-pipe, tha 

624. Why is it reckoned unwholesome to bxesthe the air of a P^^ 
In which metals are melting } 
625 What gas pcoduoes combustion ? 
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is lost in conseqaenoe of, the air passing once through the longs, as 
you shall see — - ' 

ErnUy. Yes, indeed, it makes the charcoal bum much brighter. 

Mrs. B. Whilst it is red hot, I shall drop some iron filings on 
it, and supply them with a current of oxygen gas, by means of this 
apparatus, (Fig. 28, No. 2,) which consists simply of a closed tin 
cylindrical vessel, full of oxygen gas, with two apertures and stop- 
cocks^ by one of which a stream of water is thrown into the vessel 
through a long funnel, whilst by the other, the gas is* forced out . 
through a Uow-pipe adapted to it, as the water gains admittance. 
Now that I pour water into the funnel, you may hear the gas issu- 
ing from the blow-pipe. T bring the charcoal close to the current, 
and drop the filings upon it — 

Caroline. The)r emit much the same Vivid light as the combus- 
tion of the iron wire in oxygen gas. 

Mrs. B. The process is, in fact, the same ; there is only some 
difierence in the mode of conducting it. Let us burn some tin in 
the same manner — you see that it is equally combustible. Let UB 
now try some copper — 

Caroline. This burns with a greenish flame ; it is, I suppose, 
owing to the color of the oxyd ? 

Emily. Pray, shall we not also bum some gold ? 

Mrs. B. That is not in our power, at least, in this way. Gold, 
silver, and platina, are incapable of being oxydated by the greatest 
heat that we can procure by the common method. It is from this , 
circumstance, that they have b^n (billed perfect metals. Even 
these, however, have an affinity for oxygen ; but their oxydatioifll 
or combustion can be performed only by means of acids, or by 
electricity. 

The spark given out by the Voltaic battery produces at the point 
of contact, a greater degree of heat than any other process ; and 
it is at this very hi^h temperature only that the affinity of these 
metals for oxygen will enable them to act on each other. 

I am sorry that I cannot show you the combustion of the perfect 
metak by this process, but it requires a considerable Voltaic battery. 
You will see these experiments performed in the most perfect man- 
ner, when you attend the chemical lectures of the Royal Institution. 
But in the meaw time I can, without difficulty, show you an ingen- 
ious apparatus lately contrived for the purpose of producing intense 
heats, the power of which nearly equals that of the largest Voltaic 
batteries. It simply consists, you see, in a strong box, made of 
iron. or coj^er, (Fig. 29,) to which may be adapted the air syringe 
or condensing pump, and a stop-cock, terminating in a small oiifioe 
similar to that of a blow-pipe. By working the condensing syringe 
up and down in this manner, a quantity of air is accumulated in the 
vessel, which may be increased to almost any extent, so that, if we 
now turn the stop-cock, the condensed air will rush out, forming a 
jet of considerable force ; and if we place the flame of a lamp m 
the current, you will see how violently the flame is driven in thai 
direction. 

626. What is represented by figure 28? 
G27. What metals have been ealled perfect? 

628. Why have they been thus called ? 

629. What is repieaented by figure 29? 
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A, tlw veMrvoir of eoadeMed aiir. B, thrcoBdeiMiDg qntegs. 
Gy the bladder for oxygen. D, the moTeaMe jet. 

Qtnhne. It seems to be exactly the same e^ct as that of a 
How^pipe worked by the mouth, only much stronger. 

Em^. Yes ; and the instrument has this additional adyantage^ 
Ihat it does not &tigue the mouth and hiags like the common blow* 
>fipe, and requires no art in blowing* 

Mrs, B. Unquestionably ; but yet this blow-pipe would be of 
▼ery limited uliUty, if its energy and power could not be greatly 
increased by some other contrivance. Can you imagine any mode 
#f producing such au ^eSdcX i 

Ermtu, Could not the reserroir be charged with pure oxygen in* 
Mefeid of oonmion air, as in the case of the gas-holder. 

Mrs, B, Undoubtedly ; this is precisely the contriyanee I aHude 
to. The vessel need only be supplied veitn air from a bladder full 
•f joxygen, instead of the air of the room,, and this, you see, may 
be easuy done by screwing the bladder on the upper part of the 
minge, so that m working the syringe the oxygen gas is finoed 
ten the bladder into the condensug vessel. 

OttfoUne. With the aid of this small apparatus, therefore, we 
Mold obtain the same effects as those we have just produced witb 
Ihe ga»-ho]der, by means of a column of water fordsg the gas oat 
•fit. 

Mrs, B, Yes ; and much more conveniently so. But Aere is a 
node of unng this apparatus, by which more powerful efiects still 
nay be obtained. It coneosts in condensing in the reservoir, not 
tpLygen alone^ but a mixture of oxygen and hydrogen in the exact 
ilNiportieR in which they unite ta produce water ; and then kindk 

. 630. How could the reservoir in that figure be supplied with pint 
•Kveen? 
631. How is the vaoAiakam l»atprodaoed^ 
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ibe let formed by the mixed gases. The heat disengfaged by thk 
eonwostioii, without the help of any lamp, is probably the moel 
intense known ; and various effects are saia to have been obtained 
^m it which exceed Sbll expectation. 

Caroline. But why should we not try this experiment ? 

Mrs, B. Because it is not exempt from danger ; * the combus- 
tion (notwithstanding various contrivances which have been resorted 
to with a view te prevent accident) being apt to penetrate into the 
inside of the vessel, and to produce a dangerous and violent explo- 
sion. We i^all, therefore, now proceed to our subject. 

Caroline, I think you said the ^exyds of metals could be restored 
to their metallic state ? 

Mrs, B, Yes ; this operation is called reviwng a metal. Metals 
are in general capable of being revived by charcoal, when heated 
red hot, charcoal having a greater attraction for oxygen than the 
metals. You need only, therefore, decompose, or unburn the oxyd 
by depriving it of its oxygen and the metal wUl be restored to its 
pure state. 

Emily. But will the carbon, by this process, be burnt, and be 
-converted into carbonic acid ? i 

Mrs, B, Certainl^r. There are other combustible substances to 
which metals of a hi^h temperature will part with their oxyffes. 
They ^11 also yield it to each other, accoitling to their several de- 
crees of attraction for it ; and if the oxygen goes into a more dense 
etate in the metals which it enters, than it existed in that which if 
quits, a proportional disengagement of caloric will take place. 

Carohne, And cannot the oxyds pf gold, silver, and platinft, 
vbich are ^formed by means of acids or of the electric fluid, be is- 
stored to their metamc «tate ? 

Mrs. B. Yes, they may, and the intervention of u combustibis 
body is not required ; heat alone will take ^the oxygen from theos^ 
convert it into gas, and revive the metal. 

JEmify. You said that rust was an oxyd of iron ; how is it, the^, 
that water, or merely dampness, produces it, which you know, it 
Tery frequently does on steel grates, or any iron instruments ? 

* Hydrogen and oxygen nay be burned together with the moet 
perfect salety by means of the compound blow^pipe, an instrument 
mv^nted by Prof. Hare, of Philadelphia. Instead «f mixing the 
gases in the same reservoir, they are kept separate until they meet 
at the point of combustion. An account of this blow-pipe is givea 
by Prof. SiUiman, in his edition of Henry's chemistry, together witli 
a list of experiments made with it on various substances. This was 
the first notice of any experiment made by burning the two gases 
^together, for the purpose of obtaining an intense heat. — C. 

633. Houj may orygen and hydrogen be burned together with iafetyf . 

633. What is called reviving a metal ? 

634. By what are metals revived ? 

635. What effect is produced on the carbon which is used to reiafe 
ajnetal? 

(636. Can tiie oxyds of the peStiTect metals be restored to their metallis 
slatef 
637. By what means? 
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' ' Mr$. B, In that case the. metal decomposes the water, or damp- 
ness (which is nothing but water in a state of vapor,) and obtain 
the oxygen from it. 

Carotine, I thought that it was necessary to bring metals to a 
▼ery high temperature to enable them to decompose water. 

Mrs. B, It is 80, if it is required that the process should be 
performed rapidly, and if any considerable quantity is U) be decom- 
posed. Rust, you know, is sometimes monUis in mrming, and then 
It is only the surface of the metal that is oxydated. 

Endly. Metals, then, that do not rust, are incapable of spontane- 
ous ozydation, either by air or water ? 

Mrs. B. Yes ; and this is the case with the perfect metals, whick 
on that account, preserve their metallic lustre so welL 

Emily. Are all metals capable of decomposing water, provided 
their temperature be su^ciently raised ? • 

Mrs. B. No ; a certain degree of attraction is requisite, besides 
the assistance of heat. Water, you recollect, is composed of oxy- 
gen and hydrogen ; and, unless the affinity of the metal for oxygea 
be stronger than that of the hydrogen, it is in vain that we raise its 
temperature, for it cannot take the oxygen from the hydrogen. — 
Iron, zinc, tin, and antimony, have a stronger affinity for oxygen 
than hydrogen has, therefore these four metals are eatable of 
decomposing water. But hydrogen, having an advantage over all 
the othei m^als with respect to its affinity for oxygen, it not only 
withholds its oxygen from them, but is even capable, under certain 
circumstances, of taking the oxygen from the oxyds of these 
metals. 

Emily. I confess that I do not quite understand why hydrogen 
can take oxygen from those metals which do not decompose water. 

Caroline. Now I think I do perfectly. Lead, for instance, will 
not decompose water, because it has not so strong an attraefion for 
oxygen as hydrogen has. Well, then, suppose the lead to be in a 
state of oxyd ; hydrogen will take the oxyd from the lead^ and 
Unite with it to form water, because hydrogen has a stronger atr 
traction than oxygen has for lead, and it is the same with all the 
-other metals, which do not decompose water. 

Emily. I understand your explanation, Caroline, very well ; and 
I imagine that it is because lead cannot decompose water that it is 
80 much employedifor pipes for conveying that fluid.* 

Mrs. B. Certainly ; lead is, on that account, particularly appro- 
priate to such purposes; whilst, on the contrary, this metal, if it 
was oxydable by water, would impart to it very noxious qualities, 
as all oxyds of lead are more or less pernicious. 

* Lead is capable of decomposing water, and when sulEered to 
stand long in a vessel of this metal, it becomes poisonous. When 
used merely to convey water, there is but little danger.^ — C. 

638. If rust is an oxyd of iron, why is it that wafer or dampneM 
causes it ? 

639. Do the metals oxydate on being exposed to the air ? 

640. Why will not the perfect metate rust? 

641. What metals are capable of decomposing water ? 

642. Why cKnnot all metals decompose water ? 
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Bat with regard to the oxydation <)f metals, (he meet powerfql 
mode of efiecting it is by means of acids. These, you know, eoOi- 
tain a much greater proportion of oxygen than either air or water ; 
and will, most of them, easily yield it to metals. 

Thus, you recollect, the zinc plates of the Voltaic battery are oxy.- 
dated by the acid and wauter, much more effectually than by wator 
alone. 

C8r0lime. And I hare often observed that if I drop yineg[ai, len^ 
on, or any acid on the blade of a knife, or on a pair of scissors, il 
will immedt&tely produce a spot of rust. 

Emify, Metals have, then, three ways of obtaaning oxygen ; froni 
the atmosphere, from water, a^d from acids. 

Mrs. B, The first two you have already witnessed ; and I ahaJl 
now show yoM how metals take the oxygen fi:»m an acid. This 
bottle contains nitric acid ; I shall pour some of it over this pieoe 
4)f copper leaf. 

Caroline. Oh, what a disagreeable smell 1 

Emihf. And what is it that produces the efiervescenee, and thai 
^ck yellow va|>or ? 

Mrs. JB,, It IS the add^ which, being abandoned by the greateiit 
part of its oxygen, is converted into a weaker aeid, which escapes 
in the form of gas. 

Carolme. And whence proceeds this heat? 

Mrs. B. Indeed, Carohne, J think you mig^t bow be able to ajii- 
ewer that question yourself. 

Caroline. Perhaps it is that the oxygen enters into the metal in 
a more solid state than it existed in the aeid, in consequence of which 
4»doric is disengaged. 

Mrs. B. If the combination of the oxygen and the metal resu]|8 
isom the union of their opposite cdectri^iAies^ of course caloric muvt 
be given out. 

BmHy. The effeirescence is over ; therefore | suppose that the 
unetal is now oxydated. 

Mrs. B. Yes ; hut there is another important connexion between 
fnetals and acids, with which I must now xioiake you acquainted. 
Metals, when in a state of oxyds, are capable Wbemf dissolved hy 
acids. In this operation the^r enter into a chemical combinatian 
mth the acid, and form an entirely new con^pouad* 

Caroline^ But what differenee is there between the oxydation and 
the dissolution of the metal by an acid ? 

Mrs. B. In the first place, the metal merely combines with a pa^* 
tion of oxygen taken from the acid, which ia thus partly deoxygeih 
ated, as in the instance you have rast seen ; in the second case Ibe 
metal, after being previously oxydated, is actually dissolved in the 

643. What is the most powerful mode of oxydating metals ? 

644. From what do metals obtain ozy^n ? 

645. When a metal dissdves an acid, wh&t causes the efferm- 
cence ? 

646. To what is the heat owing when a metal is dissolved in aci^ 

647. What state must a metal he in before it can be 4i88olyed by a» 
acid? ^ 

648. How can a metal then be dissolved? 

j649. What is the diffisrenoe between the oxyd«S|9ii ^4 Ite ^imiaiitf' 
lion of a metid bv an acid ? 
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acid, and enters into a chemical combination with it, without pio- 
ducing any further decomposition or efiervescenoe. This complete 
combination of an oxyd and an acid forms a peculiar and important 
class of compound salts. 

Emily, The difference between an oxyd and a compound salt, 
therefore, is very obvioas ; the one consists of a metal and oxygen, 
the other of an oxyd and an acid.' 

Mrs. B. Very well ; and you will be careful to remember that 
the metals are incapable of entering into this combination with 
acids, unless they are previously oxy dated ; therefore, wheneyer 
you bring a metal in contact with an acid, it will be first oxydated, 
and afterwards dissolved, provided there be a sufficient quantity of 
• acid for both operations. 

There are some metals, however, whose solution is more easily 
accomplished by dilutinf the acid in water ; ^.nd the metal will, in this 
case, be oxydated, not by the acid, but by the water, which it will 
decompose. But in proportion as the oxygen of the water oxydates 
the surface of the metal, the acid combines with it, washes it off, and 
-leaves a fresh surface for the oxygen to act upon ; then other coats 
of oxyd are successively formed, and rapidly dissolved by the acid, 
which continues combining with the new formed surfaces of oxyd 
till the whole of the metal is dissolved. During this process, the 
hydrogen gas of the water is disengaged, and flies off with efferves- 
oence. 

Emily> Was not this the manner in which the sulphuric acid as- 
sisted the iron filings in decomposing water ? 
' Mrs. B. Exactly ; and it is thus that several metals, which aj« 
incapable alone of decomposing water, are enabled to do it by the 
assistance of an acid, which, by continually washing off the cover- 
ing of oxyd, as it is formed^ prepares a fresh surface of metal to act 
upon the water. 
» Ccaroline. The acid here seems to act a part not very dififeient 
from that of a scrubbing brush. But pray, would not this be a good 
method of cleansing metallic utensils? » 

Mrs. B. Yes ; <|tf ^ome occasions a weak acid, as vinegar, is used 
for cleaning copper. Iron plates, too, are freed 6:om the rust on 
their surface by diluted muriatic acid, previous to their being cov- 
ered with tin. You must remember, however, that in this mode of 
cleaning metals, the acid should be quickly afterwards wiped off, 
^^otherwise it will produce fresh oxyd. 

* Caroline. Let us watch the dissolution of the coppdr in the nitric 
acid ; for I am very impatient to see the salt that is to return from 
^ it. The mixture is now of a beautiful blue color ; but there is no 
a|>pearance of th6 'formation of a salt ; it seems to be a tedious ope- 
ration. -^^ 

Mrs, B. The crystallization of the salt requires some length of 
time to be completed ; if, however, you are too impatient, I can 
easily show you a metaUio salt already formed. 

daroHne. But that would not satisfy my curiosity half so wefl as 
one of our own manufacturing. 

Mrs. B. It is one of our own preparing that I mean to show yon. 
When we decomposed water a few days since, .by the oxydation of 

650. What is the difference between a compound salt and an oxyd ? 
661. Why are acids good in cleaning rust from metals ? 
668. What caution is neoessaiy in (leaning metals by aolds? 



KETtALt, 199 

iron filingfs through the assistance of snlphuric add, in what did the 
process consist ? 

Caroline. In proportion as the water yielded its oirfgen to the 
iron, the acid combined with the new formed ozyd, ana 3ie hydro- 
gen escaped alone. 

Mrs. B. Very well ; the result, therefore, was a compound salt, 
formed by the combination of sulphuric acid with oxygen of iron. . 
It still remains in the vessel in which the experiment was perform- 
ed. Fetch it, and we shall examine it. 

Emibf. What a variety of processes the decomposition of water, 
by a metal and an acid, implies; 1st, the decomposition of the wa- 
ter ; 2dly, the oxydation of the metal ; and 3dly, the formation of 
a compound salt. 

Caroline. Here it is, Mrs. B. What beautiful green crystals ! 
But we do not perceive any crystals in the solution o< copper in ni- 
troas acid. 

Mrs. B. Because the salt is now suspended in the water which 
the nitrous acid contains, and will remain so till it is deposited, in 
consequence of rest and cooling. 

Bmily. I am surprised that a body so opaque as iron can be con- 
verted mto such transparent crystals. 

Mrs. B. It is the union with the acid, tiiat produces the transpa- 
rency; for if the pure metal were melted, and afterwards -permitted 
to cool and crystallize, it would be found just as opaque as before. 

t^mHy. I do not understand the exact meaning of crystaUizaHon. 

Mrs. B. You recollect that when a sMid body is dissolved, eitAer 
by water or caloric, it is not decomposed ; but that its integrant 
parts are only suspended in the solvent. When the solution is made 
in water, the integrant particles of th^M^will, on the water being 
evaporate^ again unite into a solid mKi^ the force of their mu- 
tual attraction. But when the body is dissolved by caloric alone, 
iiothing more is necessary, in order to make its particles re-unite, 
*hao to reduce its temperature. And, in genenal, if the solvent, 
whether water or caloric, be slowly separated by evaporation, or by 
cooling, and care taken that the particles be not aigitated during 
their re-union, they will arrange themselves in regular masses, each 
individual substance assuming a peculiar former arrangement ; and 
this is what is called crystallization. 

tMy. Crystallization, therefore, is simply the re-union of the 
!>articles of a solid body which has been dissolved in a fluid.* ' a 

Mrs. B. That is a very good definition of it. But I most n^ 
forget to observe, that heat and water may unite their solvent pow- 
^ and in this case, crystallization may be hastened by cooling, as 
well as by evaporating the liquid. 

CaroUne. But if the body dissolved is of a volatile nature, will it 
not evaporate with the fluid ? 

*Not exacdy, ybecause the particles of the fluid noiake a part of 
the crystal. Crystallization is that process by which the particles 
of bodies unite to form solids of certain and regular shapes. — C. 

^- What processes does the decomposition of water by a metal and 
•n acid imply ? 
^- What causes crystallized iron to be tiansparent? 
a. What is ertfttaUimtianf 



Mrs. B. A CTjflta^xed body held in soliitioD. only hj wttsr ii 
ocarcely ever so yolatile as the fluid itself; and care most be taka 
to manage the heat eo that it may be eofficient to eyaporate the 
water only. 

I shoaid not onnt ako to mention that bodies, i» crystalHzing fron 
llieir watery solution, always retain a email pw^on of waU3r,vhidi 
remains confined in the crystal, in a solid Ibrm, and does not le- 
«ppear unless the body loses its aystaUine alate^ This is called the 
water of crystallization^ But you mmt obeenre, tiiat whilst a bo^ 
may be separated from its sotution in water or calorie simply bv 
^Dooling or by evaporation, an add can be taken from a metsd mik 
wlaeh. it is comlnned only by stronger affinitiee, which prodooeA 
jdecomposition. 

Emily, Are the perfect metals 8usoeptiU« of being dissolved and 
4!onTetted into compound salts by acids i 

Mrs. B. Gold is acted upon by only one acid, the oxygenatd 
pwriatic, a very remaikable acid, which, when it is in its most cofr 
^eentrated state, dissolves gold or any .other metal, by burning them 
rapidly. 

Gold can, it is true, be dissolved likewise by a mixture of two 
^ds, commonly called aqua regia ; but this Doijced /solvent demei 
^t property from containing the peculiar ieuud which I have just 
mentioned. Platina is also acted upon by this^acid jonly ; silver In 
/dissolved by nitric acid. 

Caroline. I think you said that some of the metals might be so 
^sfrongly oxydated as to become acid ? 

Mrs. B' There are ^ve mentals, arsenic, moljbdean, chrome, 
lungsten^ and columbium, which are susceptible of combining with 
8 sufficient quantity of ^ll^ien to be converted into acids. 

CaroUne, Acids are coonicted with jaetals in such m Tariety of 
iways, that J am afraid of some confusion in remembering them. la 
^e first place, acids wiU yield their oxygen to metals. Secondlji 
they will combine vith them in their state of oxyds, to form com- 
pound salts ; and lastly, ^veral of the metaJbs are themselves vob- 
ceptibie of acidification. 

Mrs. B. Yery well ; but though metals have ^ great an affini^ 
for adds, it is not with that class of bodies alojp^e Jthat they will com- 
bine. They are most of them, in their simple state, capable of 
uniting with sulphur, with phosphorus, with carbon, and with each 
^ther; these combinations, according to the nomenclature whieh 
was explained to you on a former occasion, are called, suHphurvU^ 
-fhosphorets, carburets, &c. 

The metallic pbosphorejts ofier nothing very remarkable, Thi 
fiulphurete form the peculiar kind of mineral called pyrites, fiom 
which certain kind iof mlneraj paters, as those of Harrowgate, derive 

655. What is the water oi cryBiollization ? 

€66. Are the per&ct metals suseeptible of heing dissolved and ooor 
ererted into compound .salts by aci^ P 

657. Can any of tjljie u^etais combine with so great a quantity of oxjr 
gen jis to become acidp ? 

^658. With what other fubstances besides acids, will metals wot 
hine ? 

^9. What <«M» til»e oomhMMitiftns of the metals with ^ich e|b9 
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their chief chemical properties; In this oomhination, the sulphur, 
together with the iron, have so strong an attraction for oxygen, that 
they both obtain it from the air and firom water, and by condensing 
it in a solid form, produce the heat which raises the temperature of 
the water in such a remarkable degree. 

EmUy. But if pyrites obtain oxygen from water, that water must 
sufier a decomposition, and hydrdgen gas be evolved. 

^ Mri, B, That is actually the case in the hot springs alluded to, 
which give out an extremely fetid gas, composed of hydrogen, im- 
pregnated with sulphur. 

Caroline, If I recollect right, steel and plumbago, which jrou 
mentioned in the last lesson, are both carburets of iron. 

Mrs. B. Yes ; and they are the only carburets of much conse- 
quence. 

A curious combination of metals has lately very much attracted 
the attention of the scientific world : I mean the meteoric stones 
which fall from the atmosphere < They consist principally of native 
or pure iron, which is never found in that state m the bowels of Uie 
earth ; * and contain also a small quantity of nickel and chrome, a 
combination likewise new in the mineral kingdom. 

These circumstances have led many scientific persons to beliere 
that those substances have fallen from the moon, or some other 
planet, while others are of opinion either that they are formed in 
the atmosphere, or are projected into it by some unknown volcano, 
on the surface of our globe. 

Caroline, I have heard much of these stones, but I believe many 
people are of opinion that they are formed on the surface of the 
earth, and laugh at their pretended celestial origin. 

Mrs. B, The fact of their falling is so well ascertained that I 
think no person who has at all investigated the subject, can now 
entertain any doubt of it. Specimens of these stones have been dis- 
covered in all parts of the world, and to each of them some tradition 
or story of its fall has been found connected. And as the analysis 
of all those specimens afford precisely the same results, there is 

* This seems to be a mistake. Several localities of native iron, 
found in veins, are pointed out by authors. In several instances 
large blocks of native iron have been found on the surface of the 
earth. — One found by Prof. Pallas in Siberia, weighed 1600 lbs* 
Another found in South America, is said to weigh 30,000 lbs., &c. 
These have been suspected to be of meteoric origin, though nothing 
is known which makes this certain. Those stones which are known 
beyond a doubt -to have fallen from the atmosphere, have a very 
dinerent composition. These generaMy contain the following>in^* 
dients, viz. iron, nickel, chromey oxide of iron, sulphur, sUex, lime, 
magnesia, and alumine. The iron rarely amounts to a quarter of 
the whole. Accounts are recorded of the felling of stones, sulphur, 
&c. in every age since the Christian era, and in almost eyery part 
of the world .-—C. 

660. What are the most important carburets ? 

661. Of what do the meteoiic stones which have attracted so much 
attenlion from the scientific world, consist ? 

662. What opinions have been entertained as to the origin of these 
stones.' 
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_ Toaaoa to eoojoetuB that tkey dQ prooedd firnn thft 
4M»iiaB. It is to Ijfr. Howard that philosophers are indebted fiv 
jiaviag first aDal3rBed these atOflfies^ aad dirocted their attentioB to 
this interesting subject. 

ErnUu. But pi*ay, Mrs. B., bow caii solid masses of iron and 
idffikel be formed from the atmosphere, which consists of the two 
airs, nitrogen and oxvgen f 

Mrs, B, 1 really do not see how they could, and think it mach 
more probable that they fall from the moon, or some other cdestial 
body. But we must not suffer this digression to take up too much 
t»f our time. v 

The combinations of metals with each other are called alloyB; 
thus brass is an aUoy of copper and zinc ; bronze of copper and 
tin, &c. 

Emihf. And is not pewter also a combination of metal ? 

Mrs. B. It is. The pewter made in this country is mostly cooh 
posed of tin, with a very small proportion of zinc and lead. 

Caroline, Block-tin is a kind of pewter, I believe ? 

Mrs. B, Properly speaking, block-tin means tin in blocks, or 
square massive ingots; but in the sense in which it is used by 
ignorant workmen, it is iron plated with tin, which renders it more 
durable, as tin will not so easily rust. Tin alone, however, would 
\» too soft a metal to be worked for common use, and aU tin vessefe 
and utensils are in fact made of plates of iron, thinly coated with 
tin, which prevents the iron from rusting. 

' Caroline. Sav rather oxydaiing, Mrs. B.-^Rust, is a word that 
«ueht to be exploded in chemistry. 

£i/[rs. B. Take care« however, not to introduce the word o^date 
instead of rust, in general conversation ; for you would prooably 
not be understood, and yon might be suspected of affectation. 

Metals dififer very much in their affinity for each other ; some 
will not unite at all, others readily combine togethei, and <ni this 
property of metals the art of soldering depends. 

JBmify^ What is soldering ? 

Mrs, B. It is joining two pieces of metal together, by a more 
fusible metai interposed between them. Thfis tin is a solder for 
lead ; brass, gold, or silver, are solder for iron, &c. 

Caroline. And is not plating metals something of the same 
nature ? 

Mrs, B. In the operation of plating, two metals are snited, tme 
i>eing covered with the t)ther, but without the intervention of a 
third : iron or copper may thus be covered with gold or silver. 

Emikf, Mercury appears to me of a very di&rent nature from 
the other metals. 

Mrs. B, One of its greatest peculiarities is, that it retains a fluid 
«tate at the temperature of the atmosphere. All metals are fusible 
at different degrees of heat, and they have likewise each the piop^ 
«rty of freezing or becoming solid at a certain fixed temperature. — 

. €63. Who first analysed these stones ? 

664. What are the combinations of metals with each other calM/ 
^65. Of what is brass an alloy? 
€66. Of what is pewter composedf 
«G7. Whatisbloek-tiaf 
068. Ob what does the art of soldering depend i 



Mwcury dongeftb oofy at Mventy-two degiM* belolr ik» iawmtg 
point. 

Smify, That is to say, that in order to fireeze, it required a tein- 
veratnre of seTonty-two degrees colder than diat at which ivater 
neezes. 

Mrs. B. Ezaedy so. 

Caroline. Bat is the temperature of the atmosphere erer so knr 
as that? 

Mrs, B. Yes, oitea in S&eria ; but happily nerer in this part of 
the ^obe» Here, however, mercury may be congealed by artifi- 
cial cold ; I mean such intense cold as can be produced by some 
chemical mixtures, or by the vapid eYaporation of ether nndier tha 
air pump.* 

Varohne, And can mercury be made to boil and eyaporate ? 

Mrs, B. Yes, like any other liquid ; only it requires a much 
greater degree of heat. At the temperature of six hundred de- 
grees, it begins to boil and evapotate like water. 

Mercury combines with gold, siWer, tin, and with several other 
neta]»; and, if mixed with any of them in a sufficient proportion^ 
it penetrates the solid metal, soflens it, loses its own fluidity, and 
mJaoB an arnalgam^ which is the name given to the combination of 
ai^ metal with mercury, forming a substanee more or less sehd^ 
according as the mercury or the other metal predoimnates. 

Dmily, Li the list of melals, there are some whose names I hafve 
never biefore heard mentioned. 

Mrs, B, Besides, those which Sir H. Davy has obtained^ there 
are several that have been recenUy discovered, whose properties are 
vet but little known, as for instance, titanium, which was discovered 
by the Rev. Mr. Gregor, in the tin mines of .Cornwall ; columbium 
or tantalium, which has lately been discovered by Mr. Hatehett; 
and osmium, iridium, palladium, and rhodium, all of which Dr. 
WoUaston and Mr, Tenant found mixed in minute quantities with 
erode piatina, and the distinct existence of which they proved by 
curious and delicate experiments. More recently still, Professor 
Bemlius has discovered in a pyritie ore, at Fahlun, in Sweden, a 
metallic substance, which he has called selemum^ and whidi haa 
the singular pecuUaritv of assuming the iomx of a yellow gas when 
heated in close vessels. In some of its properties, this substance 
seems to hold a medium between the combustibles and the metalsw 
It heasBy in particular, a strong analog to sulphur. 

Caroline, Arsenic has been mentioned amongst the metals; I 
had no notion that it belonged, to that class of bodies, for I Irad 
never seen it but as a powder, and never thought of it but aa fty 
most deadly poison. 

Mrs. B, In its pure metallic state, I believe it is not so poisoiMNur; 
bat it has sudi a great affinity for oxygen, that it absorbs it from tha^ 
atmosphere at its natural temperature ; you have seen it therefom^ 

* By a process analagous to that described, page 81 of this wwkr 
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669. At what temperature will mercury coafeal I 

670. At what tdmperatttre wiU- it boil^ sad eva^nle ? 

671. What is- the oombination of metal^ With meiteoijr calM f . 
678i : Whit metalfl have been leeenti j disoovered i 

673. What is the natuial state eg amais? 



only in its state of oxjd, when, £roin its oomlnaatton with oxygen, 
it has acquired its Yer)r poisonous properties. 

Caroline, Is it possible that oxygen can impart poisonous quali- 
ties ? That valuable substance which produces light and fire, and 
which all bodies. in nature are so eager to obtain? 

Mrs, B, Most of thjp metallic oxyds are poisonous, and deriTO 
this property from their union with oxygen. The white lead, so 
much used in paint, owes its pernicious e&cts to oxygen. In gen- 
eral, oxygen in a concrete state, appears to be particularly destruc- 
tive in Its effects on flesh or an^ animal matter ; and those oxyds 
are most caustic that have an acrid, burning taste, which proceeds 
from the metal having but a slight &^nity for oxygen, and therefore 
easily yielding to the flesh, which it corrodes and destroys. 

Emuy, What is the meaning of the word caustic^ which you hare 
just used } 

Mrs, B, It expresses that property which some bodies possess, 
of disorganizing and destroying animal matter, by operating a kind 
of combustion, or at least a chemical decomposition. You most 
often have heard of caustic used to bum warts, or other animal 
excrescences ; most of these bodies owe their destructive power to 
the oxygen with which they are combined. The common caustic 
called hmar caustic^ is a compound formed by the union of nitric 
acid and silver ; and it is supposed to owe its caustic qualities to the 
oxygen contained in the nitric acid. 

Caroline, But, pray, are not acids still more caustic than oxyds, 
as they contain a greater proportion of oxygen ? 

Mrs, B, , Some of the acids are ; but \S% caustic property of a 
body depends not only upon the quantity of oxygen which it con- 
tains, but also upon its slight affinity for that principle, and the 
consequent facility with which it yields it. 

EmUy, Is not this destructive property of oxygen accounted for? 

Mrs, B, It proceeds probably from the strong attraction of oxy- 
gen for hydrogen ; for if the one rapidly absorb the other from the 
animal fibre, a disorganization of the substance must ensue. 

Emiy, Caustics, are, then, very properly said to bum the flesh, 
since the combination of oxygen and hydrogen is an actual com- 
bustion. 

Caroline, Now, I think, this effect would be more properly termed 
an oxydatton, as there is no disengagement of light and hea$. 

Mrs, B. But there really is a sensation of heat produced by the 
action of caustics. 

]&mly. If oxygen is so caustic, why does not that which is con- 
tained in the atmosphere hum jqs ? 

Mrs, B, Because it is in a gaseous state, and has a greater 
attraction for its electricity than for the hydrogen of our bodies. 
Besides, should the air be slightly caustic, we are in a great meas- 
ure sheltered from its effects by the skin : you know how much a 
wound, however trifling, smarts on being exposed to it. 

• 674. From what do metals derive their poisonous properties ? 

675. What is a caustic? 

676. On what does the caustic property of a body depend ? 

677. How is this destructive property <^ oxygen aceottnted ibrf 

678. If oxygen is of a caustif tendency, why does not that bdn «i 
which is contained in the atmespheie f 
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OtroUne. It' is a curious idea, howeyer, that we should live in « 
slow fire. But) if the air was caustic, would it not have an acrid 
taste? 

M^s, B. It possibly may have such a taste ; though in so slight 
a degree, that custom has rendered it insensible. 

Caroline, And why is not water caustic ? When I dip my hand 
into water, though cold, it ought to burn me from the caustic nature 
of its oxygen ? 

A^. JB, Your hand does not decompose the water ; the oxygen 
in that state is much better supplied^ with hydrogen than it wouM 
be by animal matter, and, if its causticity depend on its affinity for 
that principle, it will be very far from quitting its state of water to 
act upon jrouT hand. You must not forget that oxyds are caustic 
in proportion as the oxygen adheres slightly to them. 

±}nnfy. Since the' oxyd of arsenic is poisonous, its acid, I suppose, 
is fully as much so ? 

Mrs, B. Yes, it is one of the strongest poisons in nature. 

Em^. There is a poison called verdigris, which forms on brass 
and copper when not kept very clean : and this I have heard, is an 
objection to these metals being made into kitchen utensils. Is this 
poison likewise occasioned by oxygen ?h 

Mrs, B, It is produced by the mtervention of oxygen, for vetdi- 
gris is a oompound salt formed by the union of vinegar and copper ; 
it is a beautiful green color, and much used in painting. 

Endfy. But, i believe, verdigris is often formed on copper when 
no vinegar has been in contact with it. 

Mrs, B. Not real verdigris, but other salts, somewhat resembling 
it, may be produced by the action of other acids on copper. 

The solution of copper in nitric acid, if evaporated, affords a salt 
which produces an effect on tin that will surprise you, and I hame 
prepared some from the solution we made before, that I might show 
it to you. I shall first sprinkle some water on this piece of tin foil, 
and Uien some of the dalt. — Now observe that I fold it up suddenly, 
and press it into one lump. , 

Caroline. What a prodigious vapor, issues j&om it — ^and sparks of 
fire, I declare ! 

Mrs, B, I thought it would surprise 'jfou . The effect, ' howevet , 
I dare say you could account for, since it is merely the consequence 
of the ox^rgen of the salt rapidly entering into a closer combination 
with the tin. 

There is lUsa a beautiful ^en salt too curious to be otniUed ; it 
is produced by tiie combination of cobalt with muriaticr acid, which 
haS'theeingular property of forming what is called sympathetic ink. 
Characters written with this solution are invisible when cold, but 
Avheu' a ^pentle heat is applied, they assume a fine bluish green color. ' 

Caroline, I think one might draw very curioos landscapes with 
-CheaasiBtance of this ink ; I would first make a water color draw- 

679. nWhy is not .«»ater caustic i 
-680. What4s verdigris ? 

iiCai. What experiment k made witii a piece t>f liB*fiMl and a aofaitioii 
of copper in nitric acid ? 
caSl What iaeaUffd ayapatbetic ink f 
683. What are the pecnliaritiey of this ink ? 
15 



106 

ing of a winter scene, in which the trees would be leafless, and (he 
^nuBS scarcely green ; I would then trace all the verduie with the 
invisible ink, and whenever I chose to create spring, I should hoU 
it before the fire, and its warmth would cover the landscape with a 
rich verdure^ 

Mrs, B, That wOl be a Yery taaxunng experiment, and I adviae 
you by all means to try it. 

Beiore we part, I must introduce to your acquaintance the coxy 
ous metals which Sir H. Davy has recently discovered. The histo- 
fY of these extraordinary bodies is yet so much in its infancy that i 
shall coftfine myself to a very short account of them ; it is more 
important to point out to you the va^, and f^parently inexhaustible 
field of research which has been thrown open to our view by Sir H. 
Davy^s memorable discoveiies, than to enter into a minute accoont. 
of particular bodies or experiments. 

Caroline. But I have heard that these discoveries, howeyer splen- 
did and extraordinary, are not very likely to prove of any great 
benefit to the world, as they are rather objects of curiosity thu of 
a3e. 

Mrs. B. Such may be the illiberal conclusions of the ignonnt 
and narrow-minded : but those who can duly estimate the aSvantar 
ges of enlarging the sphere of science, must be convinced that the 
acquisition of every new fact,, however unconnected it may at fint 
appear with practical utility, must ultimately prove beneficial te 
mankind. But these remarks are scarcely applicable to the pros* 
en't subject ; for some of the new metals have already proved emi- 
nently useful as chemical agents, and are likely soon to be employed 
in the arts. For the enumeration of these metkls, I must rerer yoa 
to our list of simple bodies ; they are derived from the alkalies, the 
earths, and three of the acids, all of which had been hitherto cod- 
aidered as undecompoundable, or simple bodies. 

When Sir H. Davy first turned his attention ta the effects of the 
Vokaic battery, he tried its power on a variety of compotmd bodies, 
and gTS|duaIly brought to hght a number of new and interestinf 
ftcts, which led the way to more important discoveries. It woula 
be highly interesting to trace his steps in this new department of 
science, out iit would lead us too far from our principal object. A 
general vi^w of hia most remarkable discoyeries is all that I can aim 
at, ox that you could at present understand. 

The fecuity with which compound bodies yielded to the Yohaie 
«lectoidty, induced him to make a trial of its effects on subetaooeB 
hitherto considered as simple, but which he susoected of beiof 
compound, and hia researches were soon crownea with 'the most 
complete success. 

The body which he first submitted to the Voltaic batteiy, vsi 
which had nevervet been decomposed, was one of the fixed aJkahei 
Oalled potash. This substance gaye^iout an elastic fluid at the poB^ 
live wire, which was ascertailied te be oxy^n^ and at the neffatiys 
wire, small globules of a very high metafijc lustre, yery simuarin 

e84. What induced Sir H. Davy to* tiy the efiects of the Ydtaie bit- 
tery on ffabstancea till then donsidered simple ? 
686. What was the first subsUnce which he submitted to the VoUaie 

iW. What was the efftct ? 



appearance to mercury, thus proving that potash, which had hither- 
to been considered as a simple incombustible body, was, in iact, a 
metallic oxyd ; and that its incombustibility proceeded from its 
being already combined with oxygen. 

iSnify, I suppose the wires used in this experiment were of pla- 
tina, as they were when you decomposed water ; for if of iron, the 
oxygen woi^d have been combined with the wire, iiistead of appear- 
ing in the form of gas. 

Mrs. B. Certainly ; the metal, however, would equaDy have been 
disengaged. Sir H. Davy ha£ distinguished this new substance l)y 
the name of potassium, which is derived from that of the alkali, 
from which it is procured. I have some small pieces t)f it in this 
phial, but you have already seen it, as it is the metal which we 
burnt in contact with sulphur. . 

Emily. What is the liquid in which you keep it ? 

Mrs. B. It is naptha, a bituminous liquid, with which I shall 
hereafter make you acquainted. It is almost the only fluid in which 
potassium can be preserved, as it contains no oxygen, and this 
metal has so powerful an attraction for oxygen, that it will not only 
absorb it from the air, but likewise from water, or any body what- 
ever, that contains it. 

Emih/. This, then, is one of the bodies that oxydates spontane- 
•osly without the application of heat. 

li^s. B. Yes ; and it has this remarkable peculiarity, that it sCt- 
tracts oxygen much more rapidly from water than from air ; so that 
when thrown into water, however cold, it actually bursts into flame. 
I shall now throw a small piece about the size of a pin's head, on 
this drop of water. 

Oxpoline. It instantaneously exploded, producing a little flash of 
fight f This is, indeed, a most curious substance ! 

Mrs. B. By its combustion it is re-converted into potash ; and as 
potash is now decidedly a compound body, I shall not enter into any 
■of its properties tifl we have completed our review of the simple 
bodies ; but we may here make a few observations on its basis, 
potassium. If this substance is left in contact with air, it rapidly 
returns to the state of potash, with a disengagement of heat, bat 
without any flash of light. 

Emily. But is it not very singular that it should bum better x^ 
water than in air ? . 

Caroline. I do not think so ; for if the attraction of potassium 
for oxygen is so strong, that it finds no more difficulty in separating 
it frem ^e hydrogen in water, than in absorbing it from the air, it 
will no doubt be more amply and rapidly supplied by water than by 
air. 

Mrs. B. That cannot, however, be precisely the reason, for when 
potassium is introduced under water, without contact of air, the 
combustion is not so rapid, and, indeea, in that case, there is no la- 
minous appearance ; but a violent action takes place, much heat is 
excited, the potash is regenerated, and hydrogen gas is evolved. 

687. What did this prove ? 
i688. What is this new substance called ? 
€89. What fluid contains no oxygen ? 
600. What remarkable peculiarity has potassium ? 
691, How may potassium be recomposed ? 

6U2. What will be the result if potassium is put under water without 
being in contact with air .' 
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Potassium is so eminently combustible, that instead of reqviraiff, 
like other metals, an elevation of temperature, it will bum rapidly 
in contact with water, even below the freezing point. This you 
may witness by throwing a piece on this lump of ice. 

CctroUne, It again exploded with flame, and has made a deep 
hole in the ice. ' 

Mrs, B. This hole contains a solution of potash : for the alkali 
being extremely soluble, disappears in the "water the instant it is 
produced. Its presence, however, may be easiljr ascertained, alka- 
lies having the properties of changing paper, stained with turmeric, 
to a red color ; if you dip one end of this slip of paper into the hole 
ih the ice, you will see it change color : and the same if you wet it 
with the drop of water in which the first piece of potassiCmi was 
burnt. 

Caroline, It has indeed changed the pap^r from yellow to red. 

Mrs, B, This metal will bum likewise, in carbonic acid gas, a 
^as that has always been supposed incapable of supportinfi^ combus- 
tion, as we were unacquainted with anysubbtanjce that had a greater 
attraction for oxygen than carbon. Potassium, however, readily 
deoomposes this gas by absorbing its oxygen, as I shall show you. 
This retort is filled with carbonic acid gas. J will put a small piece 
of potassium in it ; but for this combustion a slight elevation of 
temperature is required, fur which purpose I shall hold the retort 
over the lamp. 

Caroline. Now it has taken fire and burns with violence ! It has 
burst the retort. 

Mrs. B, Here is a niece of regenerated potash ; can you tell me) 
why it has become so black ? 

thdiy. No doubt it,is blackened by the carbon, which, when its 
oxygen "^entered into combination with the potassium, was deposited 
on its surface. 

Mrs. B, You are right. This metal is perfectly fluid at the tem- 
perature of one hundred degrees ; at fifty degrees it is solid, but 
soft and malleable ; at thirty-two degrees it is hard and brittle, and 
its fracture exhibits an appearance of confu^d crystallization. It is 
scarcely more than half as heavy as water ; its specific gravity be- 
ing about six, when water is reckoned at ten ; so that this metal is 
actually lighter than any known fluid, even than ether. 

Potassium combines with sulphur and phosphorus, forming sqI- 
phurets and phosphorets ; it likewise forms alloys with several met- 
als, and amalgamates with mercury. 

Enuhf. But can a sufficient quantity of potassium be obtained, by 
means of the Voltaic battery, to admit of all its properties and re- 
lations to other bodies, being satisfactorily ascertained? 

Mrs. B, Not easily , but I must itoX neglect to inform you that a 
method of obtaining this metal in considerable quantities, has since 
been discovered. Two eminent French chemists, Thenard and 
Gay Lussac, stimulated by the triumph which Sir H. Davy had ob- 

693. At how low a temperature will potasmum bum in contact with 
water ? * 

694. Why, until the discovery of potassium, h:id carbonic acid ga> 
been considered incapable of supporting combustion ? 

695. How does potassium decompose this gas ? 

696. What metal is lighter than any known fluid ? 
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tained, attempted to aeparate potassium from its combination with 
oxygen, by common chemical means, and without the aid of eleo- 
tricitjr. They caused red hot potash in a state of fusion, to filtet 
throuofh iron turnings in an iron tube, heated to whiteness. Their 
experiment was crowned with the most complete success ; more 
potasdum was obtained by a single operation, than could have been 
collected in many weeks by the most diligeat use of the Yoltaie 
battery. 

EMy. In this experiment, I suppose the oxygen quitted its com- 
bination with the potassium, to unite with the iron turnings? 

Mrs. B. Exactly so ; and thus the potassium was obtamed in its 
ample state. Fron^ that time it has become a most conv^enient and 
powerful instrumeint of deoxygenation io chemical experiments. — 
Thi« important improvement, engrafted on Sir H. Davy's previous 
discoveries, served but to add to his glory, since the facts which he 
had established, when possessed only of a few atoms of this curious 
substance, and the accuracy of his analytical statements were all 
confirmed, when an opportunity occurred of repeating his experi- 
ments upon this substance, which can now be obtained m unlimited 
quantities. 

Caroline. What a satisfaction Sir H. Davy must have felt, when 
by an effort of genius he succeeded in bringing to light, and actu- 
ally givipg existence to these curious bodies, which without him, 
might perhaps have ever remained concealed from our view ! 

Mrs. B. Thp next substance which Sir H. Davy submitted la 
the influence of the Voltaic battery, was Soda, the other fixed alkali^ 
which yielded to the same powers of decon^positioxi ; fjova. this alkali, 
too, a metallic substanqe was obtained, very analogous in its prop- 
erties to that which had beeji discovered in potash 4 Sir H. Davy has 
called it sodium. It is rather heavier than potassium, though con- 
siderably lighter than water ; it is not so ea^ly fusible as potassium. 

Encouraged by these extraordinary results. Sir H.. Payy next 
perfonned a series of bea,utiful experiments on Ammonia^ or the vol- 
atile alkali, which from analogy, he was led to suspect, nught ajso 
contain oxygen. This he soon ascertained to be the fact, but he has 
not yet succeeded in obtaining the basis of aja»moi\ia in a separate 
state : it is from analogy, and from the power whic)i the volatile alkaJi 
has, in its gaseous fofrm, to oxydaLte iron, and also from the amalgams 
which can be obtained from ammonia by various processes, that the 
proofs of alkali being also a metallic oxyd are deduced. 

Thus, then, the l^ree ^kalies, two of which had always been 
considered as simple bodies, have now lost all claim tQ thg.t title, and 
I have accordingly classed the alkalies amongst the compounds, 
whose prooerties I sihall treat of in a future conversation. 

£miiy. What are the other newly discovered metals which you 
have alluded ^o in your list of simple bodies ? 

W. How may potassium be obtained ijp large quantities ? 
606. In the experiment for obtaining potassmm, wiiy did the oxygen 
quit that subsUnce ? 

699. What was the next substance submitted 4o the influence of the 
Voltaic battery .? 

700. What was the eflect .? 

701. What is the snbstance produced by the decomposition of 00!^ 
called.' 

16* 
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Jlfi-5. B. Theyare the metals of the earth lyhicU became next ike 
object of Sir H. I)avy'8 researches ; these bodies hadf never yet been 
decomposed, though they were strongly suspected , not only of being 
componnds, but of being metallic oxyds. From the circumstance 
of their incombustibility, it was conjectured with some plausibility, 
that they might possibly be bodies that had been already burnt. 

Caroline. And metals, when oxydated, become, to all appearanoe, 
a kind of >earthy substance. \ 

Mrs. B. They have besides, several features of resemblance with 
metallic oxyds; Sir H. Davy had, therefore, great reason to be 
sanguine in his expectations of decomposing them, and he was not 
disappointed. He could not, however, succeed in obtaining the 
basis of the earths in a pure separate state ; but metallic alloys 
were formed with other metals, which sufficiently proved the ex- 
istence of the metallic basis of the earths. 

The last class of new metallic bodies which Sir H. Davy discov- 
ered, was obtained from the three undecompounded acids, the bo- 
racic, the fluoric, and the muriatic acids; but as you are entirely 
unacquainted with these bodies, I shall reserve the account of tbeir 
decomposition, till we come to treat of their properties as acids. 

Thus in the course of two years, by the unparalleled exertions 
of a single individual, chemical science has assumed a new aspect. 
Bodies have been brought to liffht which the human eye never be- 
fore beheld, and which might nave remained eternally concealed 
under their impenetrable disguise. 

It is impossible, at the present period, to appreciate, to their M 
extent, the consequences which science or the arts may derive from 
these discoveries ; we may, however, anticipate the most important 
results.' 

In chemical analysis, We are now in possession of more energetic 
agents of decomposition than were ever before known. 

In geology, new views are opened, which will probably operate 
a revolution in that obscure and difficult science. \i is already 
proved that all the earths, and, in fact, the solid surface of this 

globe, are metallic bodies mineralized by oxygen, and as our planet 
as been calculated to be considerably more dense upon the whole 
than it is on the surface, it is more reasonable to suppose that the 
interior of the earth is composed of a metallic mass, tne surface of 
which only has been mineralized by the atmosphere. 

The eruption of volcanoes, those stupendous problems of nature, 
admit now of an easy explanation.* For if the oowels of the earth 
a^e the grand recess of these newly discof ered inflammable bodies', 
whenever water penetrates into them, combustions and explosions 
« 

* It is always easy to form a theory. But an explanation of these 
*^ stupendous problems of nature," we believe has not yet been 
demonstrated to the satisfaction of all, though great learning and. 

702. What peculiarities have the new metals, discovered by Sir H. 
Davy.? 

703. What reason had Sir H. Davy for supposing that metals mifht 
be decomposed ? 

704. What are earths snpposed to be .> 

T^" What is supposed to form the principal interior part of OV 
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must take place ; and it is rematrkable that the lava which is throwii 
out, is the very kind of substance which might be expTected' to 
lesult from these combustions. ' 

I must now take my leave of you ; We have had a very long 
conversation to-day,' and I hope you will be able to recollect what 
you have learnt. At our next interview, we shall enter on a new 
subject. 



CONVERSATION XIII. 

OW THE ATTRACTION OP COMPOSITION. 

'Mrs. B. Having completed our examination of the simple or 
elementary bodies, we are now to proceed to those of a compound 
nature ; but, before we enter on this extensive subject, it will be 
necessary to make you acquainted with the principal laws by which 
chemical combinations ^re governed. 

You recollect, I hope, what we formerly said of the nature of 
the attraction of composition, or chemical 9'ttraction, or affinity, as 
it is also called. 

EmUy, Yes, I think, perfectly ; it is the'*attraction that subsists 
between bodies of a different nature, which occasions them to com- 
bine and form a compound, when they come in contact ; and, ao- 
cordingf to Sir H. Davy's opinion, this effect is produced by the 
attraction of the opposite electricities, which prevailed in bodies of 
dilTerent kinds* 

Mrs. B, Very well ; ' your definition comprehends the first law^ 
of chemical attraction, which is, that it takes place only between 
bodies of a different nature; as, for instance, between an acid and 
an alkali ; between oxygen and a metal, &c. 

Caroline. That we understand, of course ; for the^atlraction be- 
tween particles of a similar nature is that of aggregation,. or cohe- 
sion, which is independent of any chemical power. 

Mrs. B. The second law of chemical attraction is, that it takes 
place only between the most tniniUe partu^ of bodies; therefore the 

immense labor has been bestowed on the subject. If the ''easy 
explanation " is founded on the data here proposed, viz. that the 
solid surface of our globe^ consists of nothing except metals and. 
oxygen, such a theory in the present state of knowledge, must 
chiefly consist of supposition piled on supposition; there being as 
yet no proof th^it the crust of the earth is lorpied only of these two 
elements.^3. 

706. How are volcanoes accounted for? 

707. What do you understand by the attraction of compoaitioD ? 

708. What cause does Sir H. Davy assign for the attraction between 
bodies of a di^reat nature .' 

709. What is the first law of chemical attraction > 

710. What is the attraction between particles of a amilar natue 
celled.? 

711k What is t^ second law of cli^enuGal attraction .' 
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more you divide the particles of the hodies to he comhined, the 
more readily they act upon each other. 

Caroline. That is agai4 a circumstance which we might have 
inferred ; for the finer the particles of the two substances are, the 
more easily and perfectly they twill come in contact with each 
other, which must greatly facilitate their union. It was for this 
purj>ose, you said, that you used iron filings, in preference to wires 
or nieces of iron, for the decomposition of water- 

Mrs. B, It was once supposed that no mechanical power coald 
•divide bodies into particles sufficiently minute for them to act on 
each other ; and thai in order to produce the extreme division re- 
quisite for a chemical action, one, if not both of the bodies, should 
be in a fluid state*. There are, however, a few instances in which 
two solid bodies, very finely pulverized, exert a chemical action 
on one another ; * but such exceptions to the general rule are very 
rare indeed. 

Emitif. In all the combinations that we have hitheYto seen, one 
of the constituents has, I beheve, been either liquid or aerifonn.— 
^In combustion, for instance, the oxygen is taken from the atmos- 
phere, in which it existed in a state of gias ; and whenever we have 
3een acids combine witli metals or with alkalies, they were either 
in a liquid or an aeriform state. 

Mfs. B. The third law of chemical attraction is, that it can take 
place between two, three, four, or even a greater number'of bodie8> 

Caroline. Oxyds and acids are, bodied composed of two constitik 
ents, but I recollect no instance of the combination of a greater 
number )of principles. 

Mrs. B. The compound salts', formed by the uaion of the metals 
with acids, are composed of three principles. And there are salts 
formed by the comoination of the alkalies with the earths which 
are of a similar description. 

Caroline. Are they of the same kind as the metaiiie salts ? 

Mrs. B. Yes; tbey are very analogous in their nature, althoagh 
diierent in many of their properties. 

A methodical nomenclature, similar to that of the acids, has been 
adopted for the compound salts. Each individual salt derives its 
iiame from its constituent parts, so that every name imphes a 
jcnowledge of the composition of the salt. 

The three alkalies, the alkaJ.ine earths, and the metals are called 
salifiable bases ^ or radicaiSf and the acids, salifuing principles. The 
^zme of each salt is composed both of that of the add and the sali- 
fiable base ; and it terminates in at or lY, according to the degree 
of the oxygenation of the acid. Thus, for instance, all those salts 
which are formed by the combination of sulphuric acid vtrith any of 
the salifiable bases, are called sulphats, and the name of the radiou is 

* This is the ease with mu^te of ammonia and quick Ume.H^' 

712. What is necessary in order th«t chemical action take place be- 
tween different bodies ? 

713. What is the third law of chemical attraiction ? 

714. How a^ compound salts formed f 

715. What are cailled salifiable ba-ses or radicals? 

716. What are called salifj^hig principles P. 

717. How do salts ending in uU l^jB^er from Aote ending in sfs^ 
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added for tbd specifio distinction of the salt ; if it be potash, it will 
compose a sidphai of potash ; if ammonia, ^ulphat ofamnumU^ &0b 

Esrmty, The crystals which we obtained from the combination of 
iron and sulphuric acid were therefore called sulphat of iron. 

Mrs, B. Precisely ; and those which we prepared by dissolving* 
copper in nitric acid, nkrat'of copvef, aitd so on. But this is not 
all ; if the salt be formed by that Kind of acids which ends in ottf, 
(which you know indicates a less degree of oxygenation) the termi- 
nation of the name of the salt will be in i^, as suipkU jof potash, sul*- 
phit of ammonia, &c. 

Emih. There must be an immense number of compound salts. 
since there is so great a Variety of salifiable radicals, as well as or 
salifyingbrinciples. ^ 

Mrs. B. Their real number cannot be .ascertained, since it in* 
creases every day. But we must not proceed further in the inve»> 
ligation of the compbund salts, until we have completed the exami- 
natioQ of the nature of the ingredients of which they are composed* 

The fourth law of chemical attraction is, that a change of temper* 
ature alioays takes place at the moment of combination. This anses 
from the extrication of the two eloctncities in the form of caloric, 
which always occurs when bodies unite ; and also sometimes in part 
from a change of capacity in the bodies for heat, which always takes 
place when the combination is attended, With an increase of^lensity, 
but more especially when the compound passes from the liquid to 
the solid form* I shall now show you a striking instance of a change 
of temperature from chemical union, merely by pouring some ni* 
troas acid on this small quantity of oil of turpentine, the oil 'will 
instantly combine with the oxygen of the add, and produce a 
consideraUe change of temperature. 

Carohne. What a blaze ! The temperature o^ the oil and. thd 
acid must be greatly raised, indeed, to procure such a violent com* 
bustion. 

Mrs. B. There is, however, a peculiarity in this cpmbustioti) 
which is, that the oxygen, instead of being derived from the atmoi^ 
pheric air alone, is principally supplied by the acid itself. 

Emihf. And are not ail combustions instaooes of the change ef - 
temperature produced'by the chemical combination of two boaies ? 

Mrs. B. Undoubtedly ; when oxygen loses its gaseous form, in 
order to combine with a solid body, it becomes condensed, and the 
caloric evolved produces the elevation of temperature. The spe-. 
cific ^vity of bodies is at the same time altered by chemical com* 
bination ; tor in consequence of a change of capacity for heat, a 
change of density must be produced. 

Caroline. That was the case with the sulphuric acid and water, 
which, bv being mixed together, gave out a great deal of heat, and 
increased in density. 

718. How do acids ending in ie, differ from those ending in ous f 

719. What is the fourth law of chemical attraction ? 

720. From what does the change of temperature arise .' 

721. What is an instance of inci«ase or temperature from chemical 
anion .' 

722. Is the specific gravity of bodies affected by chemical comhina- 

tiOD.' 
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Mrs, 3. The fifth law of chemical attraction is, that the proper^ 
ties which characferixe hedies, when separate, are aUered or mstnfyed 
2y their conJnnation, 

Caroline, Certainiy ; what, for instance, can be so different from 
water, as the hydrogen and oxygen gases ? 

Emify. Or what more unlike sulphat of iron, than irmi or sul- 
phuric acid ? 

Mrs. B, Every chemical combination is an illustration of tiiis 
Tule. But let us proceed — 

The sixth law is, that the force of chemical affinity between the con- 
stituents of a both/, is estimated by that which is required for their sejh 
oration. This force is not always proportional to the facility with 
which bodies unite ; for manganete, for instance, which you know, 
is^so much disposed to unite with oxygen, that it is never fomid in 
<a metallic state, yields it more easily than any other metal. 

Emily. But, Mrs. B., you speak of estimating the force of attrac* 
tion between bodies, by the force required to separate them ; now 
can you measure these forces ? 

Mrs. B. They cannot be precisely measured, but they are com> 
paratively ascertained by experiment, and can be represented by 
numbers which^ express, at least by approidmatiofi, the relative de- 
grees of attraction. 

The seventh law is, that bodies have amongst themselves different 
degrees of attraction. Upon this law, (which you may have discover- 
ed yourselves, long since,) the whole science of chemistry depends, 
for it is by means of the various decrees of affinity which bodies 
have for each other, that all the chemical compositions and decom- 
positions are effected. Every chemical fact or experiment is an 
mstance of the same kind ; and whenever the decomposition of a 
. body is performed by the addition of any single new substance, it is 
•said ^0 be effected by simple elective attractions. But it often happens 
that no simple substance will decompose a body, and that in order 
to effect this, you must off^r to the compound' a body which is itself 
composed of two, or sometimes three principles, which would not, 
each separately, .perform the decomposition. In this case there are 
two new compounds formed in consequence of a reciprocal decom- 
position and recomposition. All instances of this kind are called 
double eleetive -attractions. 

Caroline. I confess I do not understand this clearljr. , 

Mrs. B. You will easily comprehend it, by the assistance of this 
diagram, in which the reciprocal forces of attraction are represented 
by numbers : 

723. What is the fifth law of chemical attraction ? ■ 

724. What is the sixth law of chemical attraction ? 

725. .What is the seventh ]aw of chemical attraction? 

726. Upon what does the whole-science of chemistry depend ? 

727. What is a simple elective attraction ? 

728. What is a doable elective attraction ? 
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Original Omvpound. 
Sulphat of Soda. 



Fesult. 
Nitrat < 
of Soda. 



Soda B Sulphuric Acid 
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Nitric Acid 4 lame 



i^esuU. 
> Sulphat 
of I^me. 



Original Compovnd. 
Nitrate of Lime. 

We here suppoto that we are to decompoee sulphat of^eoda; that 
IB, to separate the acid from the alkali : if for this purpose, we add 
some lime, in order to make it combine with the acid, we shall fiai 
in our attempt, because the soda and the «ulphuric acid attract each 
other by a force which is superior, and, (by the way of supposition^ 
is represented by the number 8; whUe the lime tends to unite with 
this acid by an affinity equal only to the number 6. It is plain, 
therefore, that the sulphat of soda will not be decomposed, since a 
force equal to 8 cannot be o?ercome by a force equal only to 6. 

Caroline. So fas, this appears very clear. 

Mrs, B. If on the qther hand we endeayor to decompose this 
salt by nitric acid, which tends to combine with soda, we shall be 
equally unsuccessful, as nitric acid itends to unite with the alkali by 
a force equal only te 7. 

In neither of these cases of simple electiye attraction, therefore, 
can we accomplish our purpose. But let us preyiously cembiBO 
together the lime and nitric acid, so as to fonn a nitrate of lime, a 
compound salt, the constituents of which are united by a power 
equal to 4. If then we present this compound to the sulphat of 
soda, a decomposition will ensue, because the sum of the forces 
which tend to preserye the two salts in their actual state is not 
equal to that of the forces which tend to decompose them, and to 
form new combinations. The nitric acid, therefore, will combine 
with the soda, and the sulphuric acid with the lime.* 

* Suppose we say thus. The sulphuric acid attracts soda with a 
stronger force than it does Urne, and soda has a stronger affinity for 
suipkuric add than it has for mtrie add. It is plain, then, that nei* 
ther lime nor nitric acid alone will decompose the sulphat of soda. 
Now if we unite the nitric acid and lime, we form nitrate of Ume.-^ 

729. What k represented in the diagram ? 

790. What is said m the noU of the stdieeirf this diagrmmf 
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CaroUne, I undeTstand jon now yery h^H. This double efSdti 
takes place because the numbers 8 and 4, which represent the de- 
grees of attraction of the constituents of the two original salts, 
make a sum less than the numbers 7 and 6, which represent the 
degrees of attraction of the two jnew compounds that will in conse- 
quence be formed. 

Mrs. B. Precisely so. 

Caroline. But what is the meaning of qidescetU and diveUent 
forces which are written in the diagram ? 

Mrs. B. Quiescent forces aie those which tend to presenre com- 
pounds in a state of rest, or such as they actually are ; divellent 
rorces, those which tend to destroy that state of combination, and 
to form new compounds. 

These are the principal circumstances relative to the doctrine of 
chemical attractions, which have been laid down as rules by mod- 
em chemists : a few others might be mentioned respecting the same 
theory, but of less importance, and such as would take us too far 
from our plan. I should, however, not omit tQ mention that Mr. 
Berthollet, a celebrated French chemist, has questioned the uniform 
operation of elective attraction, and has advanced the opinion that, , 
in chemical combinations, the changes which lake place and the 
proportions in which bodies combine, depend not only upon the 
affinities, but also, in some degree, on the respective qualities of 
the substances concerned, on the heat applied during the process, 
and some other circumstances. 

CktroHrie. In that case, I suppose there would haidly be two com- 
pounds exactly similar, thoup^h composed o£ the same materials? 

Mrs^ B. On the contrary it is found that a remarkable uniformity 
prevails, as to proportions, between the ingredients of bodies of 
similar composition. Thus water, as you may recollect to have 
seen in a former conversation, is composed of two volumes of h)rdro- 

Sn gas to one of oxygen, and this is always found to be precisely 
3 proportion of its constituents, from whatever source the water 
be derived. The same uniformity prevails with regard to the vari- 
ous salts ; the acid and alkali, in each kind of salt, being always 
found to combine in the same proportions. Sometimes, it is true) 
the same acid, and the same alkali are capable of making two dis^ 
tinot kinds of salts ; but in all these eases it is found that one of 
the sails contains just twice, or in some in^anoes thrice as much 
•aid, or alkali, as the other.* , 



But the nitric acid has not so strong an affinity for the lime as it has 
fo^ soda. On mixing the two salts in solution, therefore, .the nitxk 
acid quits the lime, and combines with the soda. This leaves the 
sulphuric acid and the lime free and uncombined ; they then unite 
and form sulphat of lime.— O. 

** The student already understands, that in chemieal oombinatioM 
the onion takes place only between the pavtides, or atoms, of sub- 

731. What are quieacent forces.^ 

733. What are divellent forces? 

733. What was the opinion of Bortho8et.i|fon .chpmwal jooinbiai' 
tions? 

734. What remarkable omfosraity is fo«nd to exist in chemical gooi* 
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Emil^. If the proportion in ^hich these bodiee combine is so 
eonstant^ and so well defined, how can Mr. BerthoUet's remark be 
reconoiled with this uniform system of combination ? 

A&5. B, Great as that philosopher's authority is in chemistr]f , it 
is now generally supposed that his doubts on this subject were in a 
great degree groundless, and that the exceptions .he has obsenred 
in the laws of definite proportions, have been only apparent, and 
may be accounted for consistently with those laws. 

hnify. I think I now understand this biw of definite proportions 
very well, so far as it regards the gases, such as oxygen ana hydro- 
gen, in the instance you have just mentioned ; but in the case of 
acids and alkalies, where the bodies are either liquid or solid, I do 
not conceive how their bulks or volumes can be measured, in order 
to ascertain the proportion in which they combine. 

Mrs. B, Your question is quite in point ; the fact is, that the law 
of combination by volume^ does not prevail in regard to liquids and 
solids, In these we must leave the circumstances of bulk entirely 
out of consideration. It is to their weight that we must attend, in 
determining the proportions in which they combine ; and accord- 
ingly, if we take the combining substance in a state of perfect 
ftttiity, and ascertain with great accuracy, once for all, the propor- 
tions bf weighty in which they unite, we 'shall find that in every 
other instance ~in which these substances have an opportunity of 
combining, they will unite in the same proportions, and in no other 
—unless it be in such proportions that one of the bodies shall be in 
weight, exactly, double, triple, or quadruple what it was in the 
former combination. 



stances. These atoms it is supposed, are invisible, being the ulti- 
mate particles of which bodies are composed. In chemical combi- 
nations, then, where substances are capable of uniting in only one 
proportion, this must be atom to atom. Thus oxygen and hydrogen 
unite only in the proportions of 100 of the former to 760 of the 
latter by weight, llere an atom of oxygen unites to an atom of 
hydrogen, to form water ; but the atoms of oxygen are seven and 
^ half times heavier than those of hydrogen. 

When substances unite in several pi^portions, the aeoond- and 
third are always multiples of the first. Thus 100 parts of maaf- 
^ese will unite to 14, 28, 42, or 56, of oxygen, but not wiUi any 
mfennediate quantity, as with 12, 20, 60, &c. This law of definite 
proportions, so far as is known, holds good, where the rgsultix^ 
compound differs widely from either of the substanoes of which n 
is composed, as in the salts, compound minerals, &c. The theory 
of definite proportions is explained by supposing that a substance 
which we shall call A, unites with another substance, B, atom to 
atom, and that this forms a certain compound. When they niilte 
in the second proportion, two atoms of B, unite to one of A, aad 
this finrms anotW compouad, and so on, tmtil the atoms of A, can 
waile to no more of B.^— C. 

735. la. what proportion do oxygen and hydrogen unite |o form 
-water ? 

736. How much heavier is oxygen than hydrogen? . 

IV. When acids and alkalies unite in several proportions^ what rallK 
aon.do these proportions bear to 'each other ? 

16 
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Carohne. This requiree a good deal of attention to be well under- 
stood; and I should like to nave it illustrated b]rsome paiticalar 
example of these different combinations. 

Mrs. B. Nothing easier than to satisfy yviu m this respect. For 
instance, with regs^ to bulk, nitrsgen gas is capable of combining 
with oxygen gas in different proportions; thus one Yolume ol 
nitrogen, by oMnbining with one volume of oxygen, forms the sub- 
stance caUed nitrous gas ; with two volumes of oxygen, it fonns 
nitrous add gas. Sec, And with regard to solids and liquids, the 
proportions m which are estimated by weight, I may mention, as 
an example, the case of the salt called sulphat of potash, in whidi 
a given weight of potash may combine with two different propor- 
tions of sulphuric acid ; but the quantity of acid in one case is 
exactly double what it is in the other. 

Enufy. And pray, what can be the cause of this singular uni- 
formity in the law of eomlHnation ? 

Mrs, B, Philosophisrs have not been able to give us any dedave 
information upon this point ; but they have attempted to explain it 
in the following manner ; since chemical combination takes place 
between the most minute particles of bodies, may we not suppose 
that the smallest particle« or portions in which bodies combine, 
(and which we may call chemical a$oms). are capable of uniting to- 

f ether one to one, or sometimes one to two, or one to three, <kc., 
ttt that they cannot combine in any intermediate proportion. 

EmUy. But if an atom was Inroken into two, an intermediate 
combination would be obtained I 

Mrs. B. Yes ; but the nature of the atom is incompatible with 
the idea of any farther division ; since the chemical atom is the 
smallest quantity which chenoistry can obtaitt, and such as no me- 
chanical means can possibly subdivide. 

Caroline. Ax^d pray, what is the use oi all this doctrioe of defi- 
nite'proportions ? 

Mrs. B. It is very considerable ; ibr it enables chemists to form 
tables, by which they can see at one glance, the compositien of all 
the bodies which have been aocurately analyzed, and ascertain in 
an instant, what quantity of one body will be necessary to deoom^ 
pose a certain quantity of another; and in general, such tables 
serve to present, in one view, the result of any chemical decompo- 
sitions, and the quantities of the new compounds formed ; by which 
means, a considerable saving of labor is gained, either in enabling 
us to calculate beforehand uie results of any manufacturing opera- 
tions : or in estknating those obtained in anal^cal processes. Bat 
I perceive the subject is becommg rather too intricate for us. We 
must hot run the risk of entering into difficulties which might con- 
fuse your ideas, and throw more obscurity than interest upon this 
abstruse part of the philosophy of chemistry.* 

*This would have been the proper place for mentioning Dr. 
Wollaston's scale of chemical eqmvalents ; but the snbject has beei 
thought to iniply some considerations not sufficiently elementary fiff 
the purpose or this book. It may, however, be just mentioned, that 
the prindpal object of this scale is to give a tabular view of the 
^portions in which the several acids and bases combine in forming 
their respective salts, and likewise to indicate the equivalent cwn- 
poiiDds^iAuoh Insult from their decomposition. The great utflityot 
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Caroline, Pray, Mrs. B., can you decompose a salt by means of 
electricity, in the same way as we decompose water ? 

Mrs. B, Undoabtedly ; and I am glad this question occurred to 
you, because it gives me an opportunity of diowing you some very 
uteresting eii>eriments on the subject. 

If we dissolve a quantity, however small, of any salt in a glass 
of water, and if we plunge into it the extremities of the wires, 
which proceed from the two ends of the Voltaic battery, the salt 
will be gradually decomposed, the acid being attracted by the posi- 
tive, and the alkali by the negative wire. « 

Endty. But how can you render that decomposition perceptible ? 

Mrs. B. Ely placing in contact with the extremities of each wire, 
in the solution, pieces of paper stained with certain vegetable col- 
ors, which are altered by the contact of an acid or an alkali. — 
Thus this blue vegetable preparation called litmus, becomes red 
when touched by an acid ; and the juice of violets becomes greea 
by the contact of an alkali. 

But the experiment can be made in a much more distinct manner, 
by receiving the extremities of the wires into different vessels, so 
that the alkali shall appear in one vessel, and the acid in the other. 

Caroline. But then the voltaic circle will not be completed ; how 
can the effect be produced? 

Mrs. B. You are right ; 1 ought to have added that the two 

vessels must be connected toother by some interposed substance, 

capable of conducting electricity. A piece of moistened cotton 

wick answers this purpose very well, i ou see that the cotton has 

Fig. 31. 




InitaQCM of chemical tfecompoaition by ttae Vottaiic Batteiy. 



one end immersed in one glass, and the other end in the other, so 
as to establish a oommunicatisn between any fluids contained ia 

this scale, and thie peculiar properties which it possesses, though not 
very easily described, may be readily understood on inspecting the 
instrument, "^ich should be in the liands of every chemical student. 

738. Can a salt be decomposed by means of electricity } 
789. When a salt is decomposed by Galvanism, at which pole does 
the 'acid «ppear? 
740. How would you explain Fig. 31 ? 
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them. We shall now put into each of these glasses a little fflanbet 
salt, or sulphat of soda, (which consists of an acid and alkui,) and 
then we shall fill the glasses with wate)', which will dissolve the 
MLlt. Let us now connect the glasses by means of the wires, (e. d.) 
with the two ends of the battery thus ..... 

Caroline. The wires are already givin? out small bubbles: m 
this owinff to the decomposition of the salt 1 

Mrs. jff. No ; these are bubbles produced by the decomposition 
of the water, as you saw in the foimer expenment. In order to 
render the separation of the acid from the alkali, visible, I pour 
into the glass (a) which is connected with the positive wire, a few 
drops of a solution of litmus, which the least quantity of acid tarns 
red ; and in the other glaJss (b) which is connected with the nega- 
tive wire, Ipeur a few drops of the juice of violets. . . . 

Emiiy. The blue solution is already turning red all around the 
wire. 

Caroline. And the tiolet tolution is beginning to turn green. — 
This is indeed verjr singular ! 

Mrs. B. You will be still more astonished when we vary the ex* 
periment in this manner. These three glasses (f, g, h,) are, as in 



Fig. 32 




the former instance, connected 
together by wetted cotton, but 
the middle one contains a sa- 
line solution, the two otheis 
containing only distilled water, 
colored as before by ve^table 
infusions. Vet on makmg the 
connection with the battery, the 
alkali will appear in the nega- 
tive glass, {h) and the add in 
the positive glass, (f,) thotigh 
tnatancM of ebemical decompositioii by the neither of them Contained any 
Voliaic Battery. ^^j^^ matter. 

EmUy* So that the acid and alkali must be conveyed right and 
lef% from the central glass, into the other glasses by means of the 
oonnectmg moistened cotton ? 

Mrs. B. Exactly so, and you may render the experiment still 

more striking by putting into the central glass, (k,) an alkaline 

|i^, 33, solution, the e^lauber salt 

* ^^ . being placed into the 

1^ vffPfcffc *L /atgi> j_ Ik. — negative glass, (1,) and 

the positive glass, (i,) 

eontaining only water. 

The acid will be attract^ 

ed by the positive wire^ 

(m,) and will actnallv 

appear in the vesselj (i,) 

Imtaneei of chemical decompotltion by the Voltaic after paasinff through the 

Battery. alkaune solution, U,) 

without combining with it, altl^^ you know acids and alkalies 

are so much disposed to combine. .But this conversation has already 

741. How will you explain the nperiment illustrated in Fig. 32? 
7^. How will you explain the experiment illustrated in Fig. 33 ? 
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much exceeded onr usual limits, aud we cannot enlarge more upon 
this interesting subject at present 



COICVERSATION XIT« 

ON ALKALIKS. 

Mrs, B, Having now given you some idea of the laws by which 
ehemieal attractions are governed, we may proceed to the exan>- 
ination of bodies which are formed in consequence of these attratv 

tiODS. 

The first class of eempounds that present themeelves to our 
notice*, in our gradual ascent to the most compUeated combinations, 
are^^bodies composed of only two principles.^ .The sulphureta, 
pho«phorets, carburets, &c. are of this descriptlot?^; but the most 
numerous and important of these compounds are tne combinations 
of oxygen with the various simple suostances with which it has 
a tendency to unite. Of these you have already acquired some ^ 
knowledge, but it will be necessary to enter into further particulars 
respecting the nature and properties of those most deserving our 
notice. Of this class are the alkalies and the sarths, which 
we shall successively exanaine. 

We shall first take a view of the alkalies, of which there are 
three, viz.GoTASH, soda, and ammonia^ The two first are called — 
fixed nZ^emeir, ^because they exist in a solid form at the temperature 
of the atmosphere ^and require a great heat to be volatilized. Thev 
eonsist as you already know^f metallic bases combined with oxy|^e£) " 
In potash, the proportions are about eightynsix parts of potassium, 
to fourteen of oxygen -; and in soda, seventy-eeveu parts of sodium 
to twenty-three of oxygen. The third alkali, ammonia, has been 
disting^hed by the name of volatile a/A»/t, ^because its natural 
form IS that of gasT^ its composition is of a more complicated na- 
ture, of which we «iall speak hereafter. 

Some of the earths<bear so strong^ a resemUanee in their proper- 
ties to the alkalies, that it is difficult to know under which head to 

*It has already been stated that a third fixed alkali has lately 
been discovered by Mr. Arfvredson, which has been called litkion. 
It was first found in a Swedish mineral called petalite; but has since 
been detected in some other minerals. Though this alkali resembles 
potash and soda in its general properties, yet it has decidedly an 
alkaline substance of its own, capable of forming diiSerent salts with 
the acids, and having in particular the property of combining with 
mudb greater proportions of acid than the other alkalies. 

743. What is the first clam of compounds which present themselves 
to our notice ? . ^ 

744. What are iustanees of thisVescription ? 

745. What are the idkaUes? - « . 

746. Why are potash and sodarealled fixed alkalies? 

747. Of what do 4he fixed alkiJies consist? 

748. Why is ammonia eaUed volatile? 
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place them. The celebrated French chemist, Fourcroy has dassed 
two of them (barytes and strontites) with the alkalies ; but as lime 
and magnesia have almost an equal title to that rank, I think it bet- 
ter not to separate them, and therefore have adopted the common 
method of classing them with the earths, and of distinguishing 
them by the name of alkahne earths. 
,^ Crh^ general properties of alkalies are, an acrid burning taste, a 
pungent smell, and a caustic action on the skin and flesh.^ 

OxrolvM. I wonder they should be caustic, Mrs. B., smce they 
contain so little oxygen. 

"Mrs, B. Whatever substance has an affinity for any one of the 
^ constituents ofi^imal matter) sufficiently powenul to decomi>o8e it, 
iB entitled to tne appellation of caustic. The alkalies, in their nnre 
state, have a very strong attraction for water, for hydrogen, and for 
carbon, which you know, are the constituent principles of pil, and 
it is chiefly by absorbing these substances from animal matter that 
" they efiect its decomposition ; for, when diluted with a sufficient 
quantity of water, or combined with any oily suba$anoe, they lose 
their causticity. 

But to return to the general properties of alkalies — they change, 

as we have already seen, the color of syrup of violets, and other bine 

. vegetable infasions.''to green j and have, in general, a very great 

tendency to unite with acids, although iJie respective qiialities of 

these two classes of bodies form a remarkable coptrast. 

We shall e^^amine the result of the combination of acids and alior 
lies more particularly hereafter. It will be sufficient at present to 
inform you, that wheneverfacids are brought in contact with alka- 
lies or alkaline earths) they unite with a remarkable eagerness, and 
fi>rm compounds perfectly different &om either of their constituents; 
these bodies are called neutral or compound salts. 

The dry white powder which you seel in this phial is pure caostic 
POTASH ; it is very difficult to preserve it in this state, as it attiads, 
with extreme avimty, the moisture from the sUmosphere, and if the 
air were not perfectly excluded, it would, in a very short time, be 
actually melted. 

Emity. It is then, I suppose, always foynd in a liquid state? 

Mrs. B, No ; it exists in nature in a great variety of forms and 
combinations, but it is never found in its pure separate state ; it Ib 
combined viith carbonic acid, with which exists in every part of 
the vegetable kingdom, and is most commonly obtained from the 
ashes m vegetables, which are the residue that remains after all the 
other parts have been vcdatilized by combustion. 
. OtroUne. But you onc^ said, thAt after all the volatile parts of & 
vegetable were evaporated, the substance t^ai remained was char- 
ooal? 

Mrs. B. I am surprised that you should still confound the pro- 
cesses of volatilization and combustion. In order to procure cba^ 
coal, we evaporate such parts as can be reduced to vapor by the 

749. What are the general pif^rtiet of alkalies ? 

750. On what doea the caustic nioperty of alkalies depend ? 

751. To what color do the alki&s j^lwagB the vegeteble blocs ? 

752. How are neutral. or compound salts Ruined ?..:/.• . 

7^ What would be tlie consequence if caostae potash iveie Ml 
mloded ftom the av? 
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operation of heat alone ; but when we bom the vegetable, we bom 
the carbon also, and convert it into carbonic add gas. 

OaroHne, That is true ; I hope I shall make no more mistakes in 
my favorite theory of combustion. 

Mrs. B, Potash derives its name from the fots in which the 
vegetables, from which it was obtained, used formerly to be burnt ; 
the alkali remained mixed with the ashes at the bottom, aad was 
theoce called potash. 

Emily, The ashes of a wood fire, then, are potash, since they 
are vegetable ashes ? 

Mrs, B, They always contain more or less potash, but are very 
fiir from consistiDg of that substance alone, as they are a mixture 
of various earths and salts which remain t&et the combustion of 
vegetables, and -from which it is not easy to separate the alkali in 
its pure form. The proeess by which ]^tash is obtained, even in 
the imp^fect state in which it is used m the arts, is much more 
complicated than simple combustion. It was once deemed impoesir 
ble to s^Mirate it entirely from all forei^ substances, and it is only 
in chemical laboratories that it is to be met with in the state of 
purity in iP^hich you fmd in this phial. Wood ashes are, however, 
valualble for the alkali which they contain, and are used for some 
purposes without any further preparation. Purified in a certaia 
degree, tljuey make what is commonly called pearl-ash^ which is of 
great efficacy in taking out grease, in washing linen, &c.; for potash 
combines readily with oil or fat, with which it forms a compound 
well knofRrn to you under- the name of «oflp. 

CaroUne, Really! Then I should think it would be better to 
wash all linen with p^tol-ash than with soap, as in the latter case, 
the alkah being akeady combined with oil, must be leas efficacious 
in extraetinff grease. 

Mrs, B. I^ efi^ts would be too powerful on fine linen, and 
would injure its texture ; pearl-ash is therefore only vsed for that 
which is of a strong, coarse kind. For the same reason, you can- 
not wash yjour hands with plain potash ; but, when mixed ^ith oil 
in the form of soap, it is soft as well as cleansing, aA4 }fi therefore 
much better adapted to the purpose. 

Caustie potasn, as we alreaay observed, acts on the skin, and 
animal fibre, in virtue of its attractions for water andxiil, and conr 
verts all animal matter into a kind of saponaceous jelly. 

JEmify. Jixe vegetables the only source from which p<^|ash can be 
derived? 

Mrs, B, No ; for though fiir most abundant in vegetables, it is by 
no means confined to that class of bodies, being found also on the 
surface of the earth, mixed vnth various minerals, espepially with 
earths and stones, vidience it )& supposed to be conveyed in vegetar 
bles by the roots of the plant. It is also met with, though in very 

754. From what is potash obtained ? 

755. From what is the term potash derived ? 
766. .Of what do wood ashes coasist } 

757. How will soap assist in eleansing clothes from grease or oil.' 

758. Why may not pearl-ash be used fi>r the purpose, without being 
made into soap? 

759. Is potash confined to ve8etab]e9>' 
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small ananttties in some animal sabstanoea. The most oommoa 
state of potash is that of carbonat; I suppose you understand what 
that is? 

Emihf, I believe so; though I do not recollect that you ever 
mentioned the word before. If I am not mistaken, it must be a 
eomponnd salt, formed by the union of carbonic acid with potash. 

Mrs, B, Very true ; jxm see how admirably the nomenclature of 
modem chemistry is adapted to assist the memory ; when you b^ 
the name of a compound, you necessarily learn what are it3 constit- 
uent parts; and when you are acquainted with these constituents, 
you can immediately name the compound which they form. 

Caroline, Pray, how were bodies arranged and distinguished 
before this nomenelature was introduced ? 

Mrs, B, Chemistry was then a much more difficult study ; fi>r 
every substance had an arbitrary name, which it derived from the 
person who discovered it, as Glauber^ s*9alis, for instance ; or from 
some other dreumstaace relative to it, though quite unconnected 
with its real nature, as potash. 

These names have been retained for some of the simple bodies; 
for as this class is not numerous, and therefore can easily be re- 
membered, it has not been thought necessary to change (hem. 

Emib/. Yet I think it would have rendered the new nomendatnre 
more complete io have methodized the names of the elementary, as 
of the compound bodies, though it could not ha^e been done in the 
same manner. But the names of the simple substances might have 
indicated their nature, or, at least, some of their prindpar proper- 
ties ; and if, like the acids and compound salts, all the simple bodies 
had a similar termination, they would have been immediately known 
as such. So eomplete and regular a nomenclature would, I tbiok, 
have given a clearer and more comprehensive view of chemistry 
than the present, which is a medley of old and new terms, 

Mrs, B, But you are not aware of the difficulty of introducing 
into science an entire set of new terms ; it obliges all teachers and 
professors to go to school again, and if some of the old names that 
are least exceptionable, were not left as an introduction to the new 
ones, few people would have had industry and perseverance enough 
to sabmit to the study of a completely new language { and the infe- 
rior classes of artists, who can only act from habit and routine, 
would at least for a time, have felt material inconvenience from a 
total change of their habitual terms. From these considerations, 
Lavoisier and his colleagues, who invented the new nomenclature, 
thought it most prudent to leave a few links of the old chain,. in 
order to connect it with the new one. Be8ides,-]rou may easily 
conceive the inconvenience which might arise from giving a regular 
nomenclature to substances, the simple nature of which is always 
uncertain ; for the new names might, perhaps, have proved to have 

760. What is the most common state of potash } 

761. What is carbonat? 

769. How were bodies arranged and distinguished before the new 
r*iomeaclature was introduced > 

763. Why have the old chemical names been retained? 

764. Whst inconvenience might arise from giving a regular i 
elataie to substances, the nature of which is uncertain } 



been founded in error. And , indeed, eaatioiis as the mventors of the 
modern chemical language have been, it has already been foond 
necessary to modify it in many respects. In those few cases, how- 
e?er, in which new tenns have been adopted to deagnate simple 
bodies, those names have been so contrived as to indicate one of 
the chief properties of the body in question ; this is the caw with 
oxygen, which, as I explained to you, signiifies generator of acids ; 
and hydrogen, generator o£ water.* If all the elementary bodies 
had a similar termination as you propose, it would be necessary to 
change the name of any that mi^ht hereafter be found of a com* 
pound nature, which would he very inconvenient in this age of 
discovery. 

But to return to the alkalies. We shall now try to melt some of 
this caustic potaSh in a little water, as ^ circumstance occurs during 
its solution very worthy of observation. Do you feel the heat that 
is produced ? 

Cctroline, Yes, I do ; but is not this directly contrary to our ths- 
Dry of latent heat, according to which heat is disengagfed when fluids 
become solid, and cold produced when solids ue melted ? 

Mr$, B. The latter is really the case, i(i all solutions ; and if the 
Bolution of caustic alkalies seems to make an exception to the rule, 
it does not, I believe, form any solid objection to the theory. The 
matter may be explained thus : When water first comes in contact 
with the potash, it produces an effect similar to the slacking of lime, 
that is, the water is solidified in combining with the potash, and thus 
loses its latent heat ; this is the heat that you now feel, and which 
i^ th^«lbre, produced not by the melting of the solid, but by the 
solidification of the fluid. But when there is more watSr than thd 
potash can absorb and solidify, the latter then yields to the solvent 
power of the water ; and if we do not perceive the cold produced 
oj its melting, it is because it is counter-balanoed by the heat pre* 
▼lODsly disengaged.f 

A very remantable property of potash is the 'formation of glass 
by its fusion with siliceous earth. You are not yet acquainted with 
this last substance, further than its being in the list of simple bodies. 
It is sufficient for the present, that you should know that %and and 
flint are chiefly composed ^ it ; alone,* it is infusible, but mixed with 

* It may here be observed, that even with regard to these two 
bodies, the nomenclature is become exceptionable, since it is now 
foofid that exygea is one of the constituents of alkalies as well as 
of acid, and in particular of the muriatic. 

jThis defence of the general theory, however plausible, is liable 
to some obvious objectionB. The phenomenon mi^ht perhaps be 
better accounted for, by supposing that a solution of alkali in wn^ 
has less caiikcity fer heat than either water or alkali in their seps* 
rate state. 

765. In the few cases where new nasnes have been adopted to det&fp' 
^te simple BubBtaiice8,'how have these names been contrived ? 
, 766. What interesting ciicumstaBce occurs if caustie potash is mrited 
tt water.? 

7^. How Is ^lass made ? 
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potash, it melts when exposed to the heat of a furnace, combines 
with the alkali and rnns into glass. ^ 

Caroline, Who would ever have supposed that the same substance 
which converts transparent oil into such an opaque body as soap, 
should transform that opaque substance, sand, into tjranspaient 
glass ? ' 

Mrs. B. The transparency or opacity of bodies, does not, I 
conceive, depend so much on their intimate nature, as upon the 
arrangement of their particles ; we cannot have a more striking 
instance of this, than is afibrded by the difierent states of carbon, 
which, thou^ it commonly appears in the form of a black, opaque 
body, sometimes assumes the most dazzUng transparent form in 
nature, that of diamond, which, you recollect, is carbon, which in 
all probability, derives its beautiful transparency from the peculiar 
arrangement of its particles during their crystallization. 

Emily. I never should have supposed that the formation of glass 
was so simple a process as you describe it. 

Mrs. B. It is by no means an easy operation to malife perfect 
glass ; for if the sand or flinr from which the siliceous earth is ob- 
tained, be mixed with any metallic particles, or other itibstance, 
which cannot be vitrified, the glass will be cUscolored, or de&u^, 
by opaque specks. 

Caroline. That I suppose, is the reason why objects so often ap- 
pear irregular and distorted through a common glass window. 

Mrs. B. This species of imperfection proceeds, I believe, firom 
another cause. It is extremely difficult to prevent the lower part 
of the vessels, in which the inaterials of glass are fused, from con- 
. taining a more dense vitreous matter than the upper, on account of 
the heavier ingredients felling to the bottom. When this happens, 
it occasions the aj)pearance of veins or waves in the glass, from the 
difiference of density in its several parts, which produces an irregu- 
lar refraction of the rays of light which pass through it. 

Another species of imperfection sometmies arises from the fusion 
not being continued for a length of time sufficient to combine the 
two ingredients completely, or from the due proportion of potas^ 
and silex (which are as two to one) not being carefully observed ; 
the glass, in those cases, will be liable to alteration from the tu;tion 
of the air, of salts, and especially of acids which will effect its 
decomposition bjt combining with the potash, and forming com- 
pound salts. 

Efmhf. What an extremely useful substance potash is ! 

Mrs, B. Besides the great importance of potash in the mann- 
factures of gl^s and soap, it is of very considerable utility in many 
of the other arts, and its combinations with several acids, particu- 
larly the nitric, with which it forms saltpetre. 

769. On what does the opacity of bodies depend ? 

770. To what does a diamond owe its transparency? 

771. What is the occasion of the veins or waves discovered on some 
glass ? 

772. What other imperfection sometimes occurs in the making of 
Iglass ? 

77a. 9f what does saltpetre consist? 
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Carohne, Then saltpetre mint be a niirat ofpokuh. But we are 
not yet acqaainted with the nitric acid. 

Mrs, B. We shall therefore defer entering into the particulars of 
these combinations till we come to a general review of tne compound 
salts. In order to avoid confiisibn, it will be better at present to 
confine ourselves to the alkalies. 

Emiiy. Cannot you show us the change of color which you said 
the alkalies produced on blue vegetable uifusions ? 

Mrs, B. X es, very easily. I shall dip a piece of white paper into 
this syrup of violets, which, you see, is of a deep blue, ana dyes the 
paper of the same color. As soon as it is dry, we shall dip it into a 
solution of potash, which, though itself colorless, will turn the paper 
green.* 

Caroline, So it has, indeed ! And do the other alkalies produce a 
similar effect ? 

Mrs, B, Exactly the same. — We may now proceed to soda, 
which, however important, will detain us but a yery short time ; as 
in all its general properties it very strongly resembles potash ; in- 
deed, so great is their similitude, that they have been long confound- 
• ed, 9nd they can now scarcely^ be distinguished, except by the dif- 
ference of the salts which they form with acids. 

The ^at source of this alkali is the sea, where, combined with 
a peculiar acid, it forms the salt with which the waters of the ocean 
are so strongly impregnated. 

Emily, Is not that the common table salt ? 

Mrs, B, The very same ; but a^ain we mast postpone enterinff 
into the particulars of this interesting combination, tul we treat of 
the neutral salts. Soda may be obtained Irom common salt ; but 
the easiest and most usual method of procuring it, is by the combus- 
tion of marine plants, an operation perfectly analogous to that by 
which potash is obtained from vegetables. 

Ennuy, From what does soda cterive its name ? 

Mrs, B, From a plant called by us soda, and by the Arabs kali, 
which affords it in ^at abundance. . Kali has, indeed,-given its 
name to the alkalies m general. 

Caroline. Does soda Sirm glass and soap in the same manner as 
potash? 

* A very pretty experiment on the chanffe of colors may be made 



as follows': Idake a 'tincture, by pouring Doiling water on red cab- 
bage and let it stand a while. Tut it into a phial. The color will 
be purple. Take two wine glasses, and into one put a few drops of 
aulphoric acid, and into the other the same quantity of a strong so- 
lution of potash. So little of either will do, that the glasses may be 
inverted tor a moment. Then pour the tincture into each, and the 
one containing the acid will appear of a most beautiful red, and the 
other as beautiful a green.— C. 

774. What is the chemical name of saltpetre .' 

775. How may blue vemtable colors be turned green ? 

776. How does soda difier fh>m potash .' 

777. What is the ereat source of soda .' 

778. How may soda be obtained ? 



irhat 



779. IVom what does soda derive its name ? 
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Mn,B, T^,iido«8; iti8ofeqiudimp(vrtiDeo]iii]ieYif8,aDdis 
even preferred to potash for 6ome parposes ; but yoa will not be aUe 
to distinguish their properties, till we examine the compoand salts 
which tiieyform with acids; we must therefore leave soda forth* 
present, and proceed to ascmokia, or the yoi^atii.]: ax.kali. 

I^fnUy, I lone to hear something of this alkali ; is it not of the 
same nature as nartshorn ? 

Mrs. B, Yes, it is, as joH. will see bye^ind bye. This allrali ii 
seldom found in nature in its pure state ; it is most commonly ex- 
tracted from a compound salt, called sal, ammomac, which was &^ 
merly imported from Ammonia, a regpion of Lybia, from which both 
these salte and the alkali derive their names. The cryettals oontaio* 
ed in this bottle are specimens of this salt, which consist of a combi- 
nation of ammonia and muriatic acid. ' 

Caroline, Then it should be caHed rmiriate of ammonia ; for though 
I am ignorant what muriatii; acid is, yet I know that its combinatioa 
with ammonia cannot but be so called ; andl am surprised to see 
sal. ammoniac inscribed on the label. 

Mrs, B, That is the name by which it has been so long known, 
that the modem chemisto have not yet succeeded in banisunff it al- 
together : and it is still sold under that name by druggists, tiioo^h 
by scientiQc chemists it is more properly called muriat of ammonia. 

QxroHne, Both the popular and common name should be inscribed 
on label»-4his would soon introduce the new nomenclature. 

Emify,Jiy what means can the ammonia be separated from the 
tnuriatic acid ? 

Mrs, B, By chemical attractions : but this operation is too com- 
plicated for you to understand till you are better acquainted with 
the agency of affinities. 

Ermly. And when extracted from tiie salt, what kind of substanoe 
is ammonia ? 

Mrs. B, Its natural form, at the temperature of the atmosphere, 
^en free from combination, is that of gas ; and in this state it is 
called ammontacal gas. But it mixes very readily with wat^, and 
can thus be obtained in a liquid form. 

CaroUne, You said that ammonia was more complicated in its 
composition tl|an the other alkalies ; pray of what principles does 
it consist ? 

Mri. B. It was discovered a few yeaars since, by Bef^oUet, a cel- 
ebrated French chemist, that it consisted of about one part of hydro- 
fen io four ptats of nitrogen. Having keat^ ammoniacidgaB un- 
der a receiver, by causing Uie electrical spark to pass repeatedhr 
trough it, he found that it increased considetably m bulk, kstau 
Its kikkHne pVCperticci, and was actually converted into hydrogen and 
n^orgen gases : aiid from the latest and most accurate experiments 

Uii I * !.. , ■■■■II. , ... I. 1 i | ii. — 

780. Can glass and soap be formed from soda as well as from potaih? 

781. From what dees a mm o n i a 4erive its name P 

782. From what is it mostly ob t ai Be d f « 

783. What is the ^t&pet cmmicd name of this volatile alkaU^ 

784. How can ammonia be seMfsted from muriatic aoid ^ 

785. How is ammoniacal gas obtained ? 

786. Under what form does it appear iwhea miss ^ 

787. Of what principles doevadimenwceMt ^ 



the pvopoitions appear to be, one volame of nhiogvn gas, to three 
<^ oxygen gas.* 

Caroline. Ammonia, therefore, has not, Mk^ the two other alka- 
fies, a metallic basis. 

Mrs, B. It is believed that it has, thouj^h it is extremely difficult 
to reconcile that idea, with what I have just stated of its chemical 
aatare. But the fact is, that althotigh this supposed metallic basis 
of ammonia has never been obtained distinct and separate, yet both 
Professor Ber^Belius of Stockholm, and Sir H. Davy, have succeed- 
ed in forming a combination of mercury with the basis of ammonia 
which has so much the appearance of an amalgam, that it strongly 
corroborates tb^ idea of ammonia having a metdUc basis.f Hut 
these theoretical points are full of difficulties and doubts, and it 
would be useless to dwell any longer upon them. 

Let us therefore return to the properties of volatile alkali. Am- 
moniacal gas is considerably lighter than oxygen gas, and only 
aboif t half the weight of atmospherical air. It possesses most of the 
properties of the fixed alkalies ; but cannot be of so much use in 
the arts on account of its volatile nature. It is, therefore, never 
employed in the manufacture of glass, but it forms soao with oik 
equally as well as potash and soda ; it resembles them likewise in 
its strong attraction for water ; for which reason it can be collected 
kk a receiver over mercury only, 

CaroUne. I do not understand this. 

Mrs, B, Do you reicollect the method which was used to caHect 
gases in a glass receiver over water ? * 

CaroUne. Perfectly. 

Mrs. B. Ammoniacal gas has so strong a tendency to unite wi^ 
water, that instead of passing through that fluid, it would be instan- 
taneously absorbed by it. We can therefore neither itee water for 
that purpose, nor any other liquid of which water is a component 
part ; so that in order to collect this gas, we are obliged to have re- 
course to mercury, (a liquid which has no action upon it,) and a 
mercurial bath is used instead of a water bath, such as we employed 
on former occasions. Water impregnated with this ^as is nothmg 
more than the fluid which you mentioned at the begmning of the 
conversation — ^hartshom ; it is the ammoniacal gas escaping firom 
the water, which gives it so powerful a smell.J 

• It ought to be h/drogen gas. — C. 

fThis amalgam is easily obtained, by placing tL globule of ine»- 
cary upon a piece of muriat, or carbonat of ammonia, and electrify- 
ing this globule by the Voltaic battery. The globule instantly be- 
gins to expand to three or four times its former size, and becom^p 
much less fluid, though without losing ite metallic lustre, a chan»9 
which is ascribed to the metallic basis of ammonia uniting with tm 
mercury. This is an' extremely curious experiment. 

X To obtain ammoniacal gas, mix together eq^ual parts of muriate 
of ammonia, and dry burnt lime ; after pulverizing each separately, 

788. Has ammonia a metallic basis f 

9S9. What is the specific gravity of ammoniacal gaa' 

790. How does ammonia resemble potash and soda.^ 

791. Why cannot ammonia be collected ta a re^j^ye^ orer uratec/ 
793. What is hartshorn.' 

17 
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Emihf, Bat there is no appearance of eflenresoenoe in hartshom. 

Mrs. B, Becaose the particles of gas that rise from the water, ue 
too subtle and minute for their efiect to be visible. 

Water diminishes in density, by bein? impregnated with ammo- 
liiacal gas ; and this augmentation of bulk increases its capacity for 
caloric. 

Emihi, In making hartshom, then, or impregnating water with 
ammoma, heat must be absorbed and cold produced ? 

Mrx. B, That eflfect would take plade if it was not counteracted 
bjr another circumstance ; the ffas is liquefied by inoorpoiatiM 
with the water, and gives out its hitent heat. The condensatkm of 
the gas more than counterbalances the expansion of the watei^ 
therefore, upon the whole, heat is produced. But if you disaolTe 
ammoniacal gas with ice or snow, cold is produced. — Can you ae> 
count for that? 

Emity, The gas in being condensed into a liquid, must give out 
heat ; and on the other hand, the snow or ice in being rarefied into 
a hquid, must absorb heat ; so that between the opposite efifeftts, I 
should have supposed the original temperature would have been 
preserved. 

Mrs, B, But you have forgotten to take into the account the 
rarefaction of the water (or melted ice,) by the impregnation of the 
gas, and this is the cause of the cold which is ultimately produced. 

CcaroUne, Is the me/ volatile, (the smell of which so strongly le* 
aembles hartshom) likewise a preparation of ammonia? 

Mrs. B. It is carbonat of ammonia dissolved in water ; and which 
in its concrete state is commonly called salts of hartshom. Aib- 
monia is caustic, like the fixed alkalies, as you may judge by the 
punsent efi^ts of hartshorn, which cannot be taken interaally, nor 
appfied to delicate external parts, without being plentifully cQlated 

rub them together in a mortar; put them into a retort, and appljf 
the heat of a lamp. Or, the common spirit of sal ammoniac may be 
heated in a retort in the same«way. To collect and retain the gu 
without a mercurial bath, fix a receiver or bottle in an inverted po- 
sition, and connect to the retort a tube, which introduce up into 
the receiver, so that it nearly reaches the bottom. As the gas 
comes over, its levity is such, that it fills the uppner part of the re- 
ceiver first, g^radually driving out the air, and taking its place. To 
keep it for any considerable time, the receiver must be stopped. A 
pretty experiment may be made by introducing up into the reoei?- 
er with the ammonia, some muriatic gas. Both gases are invisible 
until they are brought together, when they unite, forming a deoee 
white cloud, and fall down in the solid form of muriat ofammoiM, 
The mu^atic gas is obtained by ppuring sulphuric acid on common 
salt, and applying the heat of a lamp. It may be sent up into the 
receiver in the way above described, for ammonia. — C. 

793. What change is produced on water by being impregnated with 
ammoniacal gas ? 

794. Why is cold produced if ammoniacal gas is dissolved with 
low or ice r 



796. How eon aimmaniacal gm$ be reUtuud far tapervmaUs ledM 
• wmewriuLhaikt ^ -r 

796. What issdvoUtik? 
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with water. Oil an4 acids are very excellent antidotes for alkaline 
poisons ; can you guess why ? 

QtroUne, Perhaps, because the oil combines with alkali, and 
fonns soap, and thus destroys its caustic properties ; and the acid 
converts it into a compound salt, which, Isuppose, is not so pemi- 
cioQs as caustic alkali. 

Mrs. B. Precisely so. 

Ammoniacal gas, if it be mixed with atipospherical air, and a 
bnrning taper repeatedly plunged into it, will bum with a large 
flame of a peculiar yellow color. 

Emiy. But, pray, tell me, can ammonia be procured from this 
Lybian salt only? 

Mrs. B. So far from it, that il is contained in, and may be ex- 
tracted iVom, all animal substances whatever. Hydrogen and ni- 
trogen are two of the chief constituents of animal matter ; it is there- 
fore not surprising that they should occasionally meet and combine 
in those proportions that compose ammonia. But this alkali is 
more frequently generated by the spontaneous decomposition of an- 
imal substances ; the hydrogen and nitrogen gases that arise from 
putrefied bodies combine and form the volatile alkali. 

Muriat of ammonia, instead of being exclusively brought from 
Lybia, as it originally was, is now chiefly prepared in Europe, by 
chemical processes. Ammonia, although principally extracted 
from this salt, can also be produced by a great variety of other sub- 
stances. The horns of cattle, especially those of deer, yield it in 
abundance, and it is from this circumstance that a solution of am- 
monia in water has been called hartshorn. It may likewise be pro- 
cared from wool, flesh, and bones ; in a word, any animal substance 
whatever, yields it by decomposition. 

We shall now lay aside the alkalies, however important the sub- 
jTfct may be, till we treat of their combination with acids. The next 
time we meet we shall examine the earths. 



CONVERSATION XV. 

ON EARTHS. 

Mrs. B. The earths, which we are to day to examine, are nine 

in number. 

SILEX, STROITTITES, 



* There is less evidence that these four earths are composed of 
metallic bases than there is in the case of ammonia, which it will be 

797. Why are oils and acids good antidotes for alkaline poisons ? 
796. From what can ammonia be procured ? 

799. What are the chief constituents of animal matter.^ 

800. Whv has a solution of ammonia in water been called hartshorn? 

801. How many earths are there ? 

802. What are their names ? 
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ALUXm, YTTRtJtr 

BARTTES,* OLUCIKA, 

LIME,* ZmCOKIA. 
MAGNESIA,* 

The last three are of late discovery ; their properties are liiif 
imperfectly known ; and as the^ have not yet been applied to use, 
it will be unnecessary to enter into any particulars respecting them. 
We shall oonfine our remarks, therefore, to the first fiye. Tne}rue 
eomposed, as you hare already learnt, of a metallic basis combined 
with oxygen ; and from this circumstance are incombustible. 
tS ^S^^^' y^^ ^ ^^^ ^6° turf burnt im the country, and it make» 
.. . Sa^ie^ellent &e ; the earth becomes red hot, and produces a very 
^ great quantity of heat. 

. Mrs, B, It is not the earth that burns, my dear, but the toote, 
grass, and other remnants of veffetables-that are intermixed with it. 
The caloric which is produced by the combustion of these substan- 
ces, makes the earth red hot, and this being a bad conductor of 
heat, retains its caloric a long time-; and werre you to examine it 
when cool, you would find that it had not absorbed one paAicle of 
oxygen, nor suffered any alteration from the fire. Earth is, how- 
' ever, from the circumstance just mentioned, an excellent radiator 
of heat, and owes its utility, when mixed with fuel, solely to that 
property. It is in this point of view, that Count Rumford has re- 
commended balls of incombustible substances to be arranged in fiie 
places, and mixed with the coals, by whicti means, the caloric dis- 
engaged by the combustion of the latter, is more perfectly reflected 
into the room^ and an expense of fuel is saved. 

Emily^, I expected that the lists of earths would be much more 
considerable'. When I think of the immense variety of soils, lam 
astonished that there is not a greater number (dearths to form them. 

Mrs. B. You might,-indeed, almost confine that number to four; 
fijr barytes, strontites, and the others of late discovery, act but so 
Umall a part in this great theatre, that they cannot be reckoned as 
essential to the general formation ef the ^lobe. And you must not 
confine your ideas of earths to the formation of soil ; for rock, nuu- 
Ue, chalk, slate, sand, flint, and all kinds of stones, from the pre- 
cious jewels to Uie commonest pebbles ; ki a word, all the immeoae 

lemembered, was supposed to have formed an amalgam with mer- 
cury, and on this account was supposed to have had a metallic ba- 
sis. Of the other earths, no one except Dr. Clarke, of Cambridge, 
Eng., has pretendod to offer any but conjectural evidence of their 
metellie nature. This gentleman, on submitting them to the heat 
of the blow pipe, charged with oxygen and hydrogen, was led to be* 
lieve he had obtained their metallic bases. 6ut as his experiments 
have been repeated at the Royal Institution without success, it i^ 
now understood that the Dr. must have been mistaken. — C.^ 

803. Of what are the earths composed ^ 

804. Why are the earths incombustible ? 

805. Why, then, is turf used for fuel in some countries.^ 

806. Why is the earth a good radiator of heat ? 

807. What is said of barytes and strontites, as conatitutiJic > F**^ 
of the globe.? 
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variety of mineral products, may be referred to* some of theae 
earths, either in a simple state, or combined the one with the other, 
or blended with other ingredients. 

Caroline, Precious stones composed of earth ! That seems very 
difficult to conceive. 

Emify. 1b it more extraordinary than that the most precious of 
aU jewels, diamond, should be composed of carbon ? But diamond 
forms an exception, Mrs. B.; for, though a stone, it is not composed 
of earth. 

Mrs. B. I did not specify the exception, as I knew you were so 
well acquainted with it. Besides, I would call a diamond a mineral 
rather than a stone, as the latter term always implies the presence 
of some earth. 

Caroline. I cannot conceive how such coarse materials can be 
converted into such beautiful productions. 

Mrs. B. We are v6ry far trom understanding all the secret re- 
sources of nature ; but I do not think the spontaneous formation of 
the crystals, which we call precious stones, one of the most difficult 
phenomena to comprehend. 

By the slow and regular work of ages, perhaps of hundreds of 
ages, these earths may be gradually dissolved by water, and as 
gradually deposited by their solvent in the undisturbed process of 
crystallisation. The regular arrangement of their particles, during 
their re-union in a solid mass, gives them that brilliancy, transpar 
lency, and beauty, for which they are so much admired ; and ren- 
ders them in appearance so totally difierent from their rude and 
primitive ingredients. 

Caroline. But how does it happen that they are spontaneously 
dissolved, and afterwards crystallized ? 

Mrs. B. The scarcity of many kinds of crystals, as rubies, eme- 
ralds, topazes, &c., shows that their formation is not an operation 
very easily carried on in nature. But cannot you imagine that when 
water holding in solution some particles of earth filters through 
the crevices of hills or mountains, and at length dripples into some 
cavern, each successive drop may be slowly evaporated, leaving 
behind it the particle of earth which it held in solution? You 
know that crystallization is more regular and perfect, in proportion 
as the evaporation of the solvent is slow and uniform; nature 
therefore, who knows no limit of time, has, in all works of this 
^d, an infinite advantage over any artist who attempts td imitate 
such p^roductions, ♦ 

tMy, I can now conceive that the arrangement of the particles 
of earth during crystallization, may be such as to occasion transpar 
i^cy, by admitting free passage to the rays of light ; but I cannot 
understand why crystallized earths should assume such beautifo)' 
colors as most of .them do. Sapphire, for instance, is of a celestial 
Wue ; ruby, a deep red ; topaz, a brilliant yellow ! 

^. What valuable substance do the earths compoae ^ 
809. Is it deemed difficult to understand the spontaneous formation 
«fcmtal? 
BIO. What does the scarcity of many kinds of crystab show? 
811. How may it be supposed that they are formed .' 
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Mts, B, Nothing is more nmple than to sappoae that the v- 
langemeiit of their pajtides is such, as to transmit some of the 
colored rays of light, and reflect others, in which case the stone 
moat appear of the color of the rays which it reflects. But besides, 
it frequently happens thajt the color of a stone is owing to a miztiOB 
of some met^c matter. 

CaroUne, Pray, are the diflferent kinds of precious stones eat^ 
eomposed of one individual earth, or are they formed of a eombi- 
nation of several earths ? 

Mrs. B, A great variety of matorialr«nt6rs into the composition 
of most of them ; not only several earths, but sometimes salts and 
metals. The earths, however, in their simple stato, frequently 
form very beautiful crystals ; and, indeed, it ib in that state only 
that they can be obtained perfectly pure. 

IMfy. Is not the Derbyshire spar produced by the crystallisEa- 
tion of earths, in the way you have Just explained ? I have been 
in some of the subterraneous caverns where it is found, which are 
similar to those you have described. 

Mrs. B. Yes ; but this spar is a very imperfect specimen of 
erystallization ; * it consists of a variety of ingredients confusedly 
bltoded together, as you may judge by its opacity, and by the 
irarious colors and appearances which it exhibits. 

But, in examinmg the earths in their most perfect and agreeable 
finrm, we must not lose sight of that stato in which they are comr 
monly found, and which, u less pleasing to the eye, is far more 
ilitoresting by its utility. 

All the eartha axe more or less endowed with alkaline properties;: 
^ot there are four, barytos, magnesia, lioie, and strontites, which 
are called alkaline earths, because they possess those qualities in so 
great a defiree, as to entitle them, in most respects, to the raak of 
alkalies. They combine and form compound salts with acids,- m 
ike same way as alkalies ; they are like them, susceptible of a con- 
siderable degrree of causticity, and are acted upon in a similaT man- 
n^ by chemical tests. — The remaining earths, silex and akunine, 
with one or two others of late discovery, are i^ some degree more 
earthy,, that is to say, they possess more completely the\properties 
common to all the earths, which are insipidity, dryness, uRaltera- 
hleness in the fire, infusibiUty, &c. ' 

Caroline, Yet, did you not tell us that sil^x, or siliceous. earth, 
when mixed with an alkali, was fusible, and run into glass ? 

Mrs. B. Yes, my dear ; but the characteristic properties of earths, 

* The Derbyshire spar is composed of Ume wad fluoric acid ; henos 
it is called fluate of Sme. The colors are owing to intormizture 
with metallic oxides. It is a very beautiful mineral, and instead of 
^ing opaque, it is generally translucent, or nearly transparent. — C. 

812. Whence may it be supposed they receive their beautiful colons 

813. What is an instance of simple earths in a state of errttalliak 
*oii? 

814. What is the eompoeition of DerhMre sport 
816. What aiealkaUne earths? 

816. Why are they so called? 

817. WhstjwopertiesarecommistoalleiJttba? 
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which I have mentioned, are to be considered aa belonginff to them 
in a state of purity only ; a state in wliich they are very seldom to be 
met with in natare. Besides these general properties, each earth 
has it own specific characters, by which it is distinguished £rom 
any other substance. Let us therefore review them separately. 

SiLEx, or SILICA, abounds in flint, sand, sand-atone, agate, 
jasper, &c.; it forms the basis of many precious stones, and par- 
ticularly of those which strike fire with steel. It is rough to the 
touch, scratches and wears away metals ; it is acted upon by no acid 
but the fluoric, and it is not soluble in water by any known process ; 
but nature certainly dissolves it by means with which we are unae* 
quainted, and thus produces a variety of siliceous crystals, and 
amongst these, rock crystal^ which is the purest specimen of this 
earth. Silex appears to have been intended by Providence to fonn 
the solid basis of the globe, to serve as the foundation for the original 
mountains, and give them that hardness and durability which has 
enabled them to resist the various revolutions which the surface of 
the earth has successively undergone. From these mountains silice- 
ous rocks have, during the course of ages, been gradually detached 
b^ torrents of water, and brought down in fragments ; these, in the 
violence and rapidity of their descent, are sometimes crumbled to 
sand, and in this state form the beds of rivers and of the sea, chiefly 
composed of siliceous materials. Sometimes the fragments are 
broken without being pulverized by their fall, and assume the form 
of pebbles, which gradually become rounded and polished. 

Emily. Pray, what is the true color of silex, which forms such 
a variety of difierent colored substances ? Sand is brovni, flint is 
nearly black, and precious stones are of all colors. 

Mrs. B. Pure silex, such as is found only in the chemist's labora^ 
tory, ']B perfectly white, and the various colors which it assumes in 
the difierent substances vou have just mentioned, proceed from the 
difierent ingredients witn which it is mixed in them. 

Oarohne. I wonder that silex is not more valuable, since it forma 
the basis of so many precious stones.* 

Mrs. B. You must not forget that the value we set upon precious . 
stones depends in a great measure upon the scarcity with which 
nature afifords them ; tor were those productions either common ox 
perfectly imitable by art, they would no longer, notwithstanding 
theur beauty, be so highly esteemed. But the real value of siliceous 
earth in many of the most useful arts, is very extensive. Mixed 
with clay, it forms the basis of all the various kmds of earthen ware» 
from the most common utensils to the most refined ornaments. 

Ermly. And we must recollect its importance in the formation of 
glass with potash. 

Mrs, B, Nor should we omit to mention, likewise, many other 

*The bases of some of the most costly gems, as sapphire, ruby, 
tad topas, are alumine. — C. 

818. In what is silex chiefly found ? t 

819. What is the purest specimen of silex ? 

820. What is the color of silex ? 

821. Upon what does the value of precious stones depend .' 
882. For what important rnwa is ailex chiefly valuable .? 
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important uses of silex, such a« being the chief ingredient of some 
of the most durable cement, of mortar, &c. 

I said before that siliceous earths combined with no acid but the 
flnoric ; it is for this reason that glass is liable to be attacked by 
that acid only, which, from its strong affinity to silex, forces that 
sabstaoce from its combination with .the potash, and thus destroys 
the fflass. 

We shall now hasten to i>Toceed to the other earths, for I am rather 
apprehensive of your growing weary of this part of our subject. 

Caroline, I confess that the history of the earths is not quite so 
entertaining as that of the eimple substances. 

Mrs. B. Perhaps not * but it is absolutely indispensable that yoa 
should know something of them; for they form the basis of so 
many interesting and miportant compounds, that their total omis- 
sion would throw great obscurity on our general outline of chemical 
science We shall, however, review them in as cursory a manner 
as the subject can admit of. 

A/LXTMiNB derives its name from a compound salt called ahon, of 
which it forms the basis. 

Carohne. But it ought to be just the contrary, Mrs. B.; the simple 
body should fifive, instead of taking, its name from the compound. 

Mrs. B. That is true ; but as the compound salt was known lon^ 
before its basis was discovered, it was very natural that when the 
earth was at length separated from the acid, it should derive its 
name from the compound from which it was obtained. However, 
to remove your scruples, we will call the salt according to the new 
nomenclature, sulfhat 6f alumine. From this combination, alumise 
may be obtained m its pure state ; it is then soft to ihe touch, makes 
a paste with water, and hardens in the fire. In nature it is found 
chiedy in clay, which contains a considerable proportion of this 
earth ; it is very abundant in fuUers' earth, slate, and a variety of 
other mineral productions. There is indeed scarcely any mineral 
substance more useful to mankind than alumine. id. the state of 
clay, it forms large strata of the earth, gives consistency to the soil 
of valleys, and of all low and damp spots, such as swamps and 
marshes. The beds of lakes, ponds, and springs, are almost en- 
tirely of clay ; instead of allowing of the filtration of water, as sand 
does, it forms an impenetrable bottom, and by this means water is 
accumulated in the caverns of the earth, producing those reservoirs 
whence springs issue, and spout out at the surface. 

Emily. I sdways thought that these subterraneous reservoirs of 
water were bedded by some hard stone, or rock, which the water 
could not penetrate. 

Mrs. B. That is not the case ; for in the course of time, water 
would penetrate, or wear away silex, or any other kind of stone, 
while it is effectually stopped by clay, or alumine. 

The solid compact soils such as are fit for com, owe their consist- 

823. How, and why doee the fluoric acid destroy glass ? 

824. Why is it necessary to understand the nature of tiie earths ? 

825. From what does alumine derive its name ? 

826. What is the sulphat of alumine ? 

827. In what is alumme chiefly fonnd.' 

828. In what kind of soil does it oocor most abundantlj ? 



enos m a great a w Muie to alunme ; iIub enfk \ 
unprore auidy ordialky aotls, whidi 4» imI nui 
tttjT of water lor the pmpoee of ^egetatioii. 

Alumiiie is the most easential iagiedient in all potteriea. It ea- 
ters into the compoeitkm of biidc, as well ae that of the finest por- 
celain : the addition of sQex and water haxdens it, lendere it ana- 
oeptible of a degree of Yitiification, and makes it perfectly fit te its 
Tarioos pnrpoeea. 

Caroline. I can ac a icd y oooeeire that bcidE and ehina ahooM be 
made of the same materiaJs. 

Mrs. B. Brick consists almost entirely of baked day ; bnt a eer- 
tain proportion of silex is essential to the fonnation of eaithen or 
stone ware. In the oonmion potteries, sand yb used for that parpoee; 
amore pore sflex is,* I beUeve, necessary for the eompositionof 
poicelain, as well as a finer kind of clay ; and these materials are, 
no doabt, more carefully prepared, and curioualy wrought in the 
one case than in the other. Porcelain owes its beautiful semi-tiaas' 
parency to a commencement of yitiification. 

Emify, But the conmionest earthenware, though not tianspareDt, 
k Goveied with a kind of glaxing. 

Mrs. B. That precaution is equally necessary for use as fbrbeav' 
t^, as the ware would be liable to be spoiled and oorroded by a TSr- 
nety of substances, if not coTcred with a coating of this kind. In 
porcelain it consists of enamel, which is a fine white opaque glass, 
formed of metallic oxyds, sands, salts, and sudi other materius as 
are susceptible of Yitiification. The glaaing of common earthen- 
ware is made chiefly of oxyd of lead, or sometimes merely of salt, 
which, when thinly spread oyer earthen vessels, will, at a certaua 
heat, run into opaque glass. 

CaroUne. .And of what nature are tiie colors which are used finr 
painting porcelain ? 

Mrs. B. They are all composed of metallic oxj^ds ; so that these 
colors, instead of receiving injiuy firom the apphcation of fire, are 
strengthened and develop^ by its action, which causes them to on- 
dergo diflferent desress of oxydation. ^ 

Alumine and sues are not only often combined by art, bat they 
have in nature a very strong tendency to unite, and are fiMmd com- 
bined in dififerent proportions, in various gems and other minerals. 
Indeed, many of the precious stones, such as ruby, oriental sap> 
phire, amethyst,f &c. consist chiefly of alumine. 

We may now proceed to the alkaline earths ; I shall say but a few 
words on sAiiYTaa, as it is hardly ever used except in chemical 

* Porcelain clay, of which China ware is made, is found among 
gianite rocks, ana seems to owe its origin t6 the decomposition of a 
mineral called feldspar. Its composition is silex and alumine, silex 
Wno- the predominant ingredient. — C. 

t The amethyst is almost entirely composed of sUex.— C. 

829. What is the use of alumine for purpowa of vegetation P 

830. What is the use of it in works of art? 

S3l. To what is the transparency of porcelain owing ? 

832. Of what is the glasing of common earthen ware made f 

833. What is the nature of the coilon whieh are ased fiw p 
poroefaun? 
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laboratories. It is remarkable for its grest weight J and its ttfosf 
alkaline properties) such as^destroyinff animal sub^noesJk toning 
^reen some olae vegetable dolors, ana showing a powerfm attrac- 
tion for adds ; this last property it possesses to such a degree, par- 
tienlarly with regard to the siriphuric acid, that it will adwavB de« 
tect its presence in any substance or combination whatever, oynii' 
mediately uniting with it, and forming a sulphat of barytes. This 
renders it a very valuable chemical test. Clt is foi/nd pretty abun- 
dantly in nature in the state of carbonat4 from which the pure earth 
can be easily separated. -^ 

The next earth we have to xx>nsider is Lime . This is a substance 
of too great and general importance to be passed over so lightly as 
the last. 

lime is strongly alkaline. In nature it is not met with in its 
simple 8tate,ias its affinity for water and carbonic acid is so great 
that it is always found combined with these substances) with which 
it forms the common limestone ; but it is separated in^e kiln firaon 
these ingredients, which are volatilized whenever a sufficient degree 
of heat IS applied. 

Emib/X Pure lime, then, is nothing but limestone, which has 
been deprived, in the kiln, of its water and carbonic acid i 

Mrs, B. Piecisely ; in this state it is called quick lime, and it is so 
oaustic,fthat it is capable of decomposing the dead bodies of animals 
very rapidly, without their undergoing the'process of putrefactioB.^ 
I have here some quick lime, which is kept carefuUy corked up m 
a bottle to prevent the access of the air i for were it all exposed to 
tike atmosphere, It would absorb both mbisture and carbonic acid 
gas from it, and be soon slaked J Here is also some limestone-^we 
shall pour a little water on each, and observe the effects that result 
from it./ 

Caroline. How the quick lime hisses ? It is become excessively 
hot! — ^It swells, and now it bursts -and cr^lmbles to powder, while 
the water appears to produce no kind of alteration on the lime- 
stone. . 

Mr9. jB.( Because the limestone is already saturated with waterA 
whilst the quick lime, which has been deprived of it in the kilsf 
combines with it with very great avidity, and produces this prodi- 
gious disengagement of heat, the cause of which I formerly explaiii- 
ed to you ; do you recollect it ? 

Emity, Yes ; you said that the heat did not proceed from the lime 

* The native catbonat of barytes is a rare mineral. It is a viru- 
lent poison. The sulphai of barytes is found in considerable abim- 
dance.— C. ^ 

834. For what is barytes remarkable ? 

835. For what is it valuable ? 

836. Where is it abundantly found ? 

BS?. What is the reason that lime is not found in its simple state ? 

838. How does limestone differ from pure lime? 

839. What effect will quick liine have upon the dead bodies of ani- 
mals.^ 

840. What effect does the air produce on quick lime? 

841. What effect has water on it.? 

842. Why will not water have an effect on limestone as well as 
-non quick lime .' 
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(rat from the water, which was soUdified^ and thus parted with its 
heat of liqaidity. 

A&j. B, Very well. If we continae to add suQoeaaiTe quantities 
of water to the lune, after heme slaked and crumbled, as you see 
it will then gradually be diffused in the water, till it will at length 
be diasolyea in it, and entirely disappear ; but for this purpose it 
xequires no less than 700 times its weight of water. This solution 
is called hme water, ^ 

Caroline, How very smaQ, then, is the proportion of lime dissolr- 
ed? 

Mn, B, Bar3rtes is also of very difficult solution ; but it is much 
more soluble in the state of crystals. The liquid contained in this 
bottle is lime water ; it is often used as a medicine, chiefly, I believe, 
for the purpose of combining with, and neutralizing the superabun* 
dant acid which it meets with in the stomach. 

Emiiy, I am surprised that it is so perfectly* clear ; it does not at 
all partake of the whiteness of the lime. 

Mrs, B, Have you forgotten that, in solutions, the solid body is 
80 minutely subdivided by the fluid as to become invisible, and 
therefore, will not, in the least degree, impair the transparency of 
the solvent? 

I said that the attraction of lime for carbonic acid was so strong, 
that it would absorb it from the atmosphere. We may see this efl^ 
by exposing a glass of lime water to the air ; the lime will then sep- 
arate from the water, combine with the carbonic add, and re-ajp- 
pear on the surface in the form of a white film, which is carbonat of 
lime, eommonlv called chalk, 

OaroUne, Chalk is, then, a compound salt ! I never should (avb 
supposed that those immense beds of chalk, that we see in many 
parts of the country, were a salt. Now Uie white film begins to ap- 
pear on the surface of the water ; but it is &r from resembling hard 
solid chalk. 

Mrs, B, That is owing to its state of extreme division ; in a lit- 
tle time it will collect into a more compact mass, and subside at the 
bottom of the glass^ 

If you breathe into lune water, the carbonic add which is mixed 
with the air that you expire, will produce the same eflfect. It is an 
experiment very easily made : — ^I shall pour some lime water into 
this ^lass tube, and by breathing repeatedly into it, you will soon 
pereeive a precipitation of chalk. 

*To make lime water, take a piece of well burned lime, about 
the siie of a hen's Cj^g, put it into an earthen dish, and sprinkle wa- 
fer on it, till it falls mto powder. Then pour on two quarts of boil- 
ing water, and stir it several times, after the lime has settled ; pour 
off the dear water and cork it for use. — C. 

B43. Why is heat disencaged when water is put upon quick lime ? 

844. How much water does it take to dissolve lime ? 

845. Is Barytes easily dissolved in water ? 

' dl6. Why does not hme water partake of the whiteness of lime ? 

B47. For what has lime a very strong attraction ? 

848. Why does a white film coUeeion the sarflwe of lime water on) 
B«^ exposed to the air ? 

W. Why will hme water turn white if ymi breathe into it? 



Bmhf, I Ma alandy a onall white dottd fonnad. 

Mrs. B, It is composed of minute particles of chalk; at p t o ew it 
it floats in the water, but it will soon subside. 

Carboaat of lime, or ohalk, you see, is insoluble in water, sines 
the bme which was dissolyed, re-appears when converted into chalk ; 
hut you must take notice of a Tery singular circumstance, which is* 
that ehaHi is soluble in water impregnated with carbonic acid. 

CaroUne. It is very curious, indeed, that carbonic acid and gas 
should render lime soluble in one instance, and insoluble in the 
other ! 

Mrs. B, I haye here a bottle of Seltaer water, which you know, 
is strongly impregnated with carbonic acid ; let us pour a litde of 
it into a ^lass of lime water. You see that it immediately forms a 
precipitation of carbonat of lime ! 

EnUkf, Yes, a white cloud appears. 

Mrs. B. I shall now pour an additional quantity of the Seltier 
water into the lime water. 

Em^. How singular! The doud is re-dissolved, and the liquid 
is affain transparent. 

Mrs. B. AH the nmter^ depoids upon this circum^ance, that 
carbonat of lime is soluble in carbonic acid, whilst it is insolutde in 
wajker ; the first c^uantity of carbonic acid, therefore, which I intro- 
duced into the hme water, was employed in forming the earbosat 
ef lime, whish semained visible, uolil an additional quantity of w* 
benie acid dissolved it. Thus, you see, when the Mme and carbesie 
add are in proper pn^rtione- to form chalk, the white cloud ap* 
pears ; but when the acid predominates, the chalk is no sooner fiwm« 
ed than it is diaqolved. 

CaroUne. That is. now the case ; but let us try whether a fiurthsr 
addition of lime water will acain precipitate the chalk. 

Emily^ It does, indeed ! The cloud re-a^pears, because, I sap- 
pose, there is now no more of the carbonic acid than is neoessaiy 
to form chalk ; and, in order to dissolve the chalk, a superabua- 
daaoe of acid is requked. 

Mrs. B. We have, I think, carried this experiment hx «ioug^; 
meity repetition would but exhibit the same appearanoe. 

lame combines wkh most of the acids, to which the carbonic (as 
beiag the. Weakest) readily ytekla it ; but these combinations we 
ahalfhave an opportunity of notidng more particularly hereaftsi- 
It unites with phosphorus, and with sulphur, m their siqiple states 
ifr short, of all the earths, lime is that which nature emplojs most 
figM[uently, and most abundantiy, in its innumerable combmationa. 
Itis the basis of all calcareous earths and stones; we find il like* 
wise in the apimal and veg^etable creations. 

EfnUy. And in the arts is not lime of very great utility ? 

Mrs. B. Scarcely any substance more so; you know that itias 

850. What is the chemical name of chalk ? 

851. Wh^uUfh^mr^eMs^iifmakimeUmswtiBrf' 

862. How may chalk be cOflsolved? 

863. WJMt mli bft th& tfmxxVb if Sfltnr water be poncedb into> Sua 
water ? , 

6S4i WhsttisthfthssJsofsiltealcaMousesrtiM^aaA B to f er 
856. Of what use is lime in the arts.^ 



most essential requisite in building, as it constitutes the basis of all 
cements, such as mortar, stucco, plaster, &c. 

Lime is also of infinite importance in agriculture ; it lightens an4 
waroods soils that are too cold and compact, in consequence of too 
great a proportion of clay. But it would be endless to enumerate 
the Yarious purposes for which it is employed ; and you know enough 
of it to form some idea of its importance ; we shall, therefore, now 
{ffoceed to the third alkaUne earth, magnesia. 

Caroline. I am already pretty well acquainted with that earth ; 
it is a medicine. 

Mrs. B. It is in the state of carbonat that magnesia is usualfy 
employed medicinally ; it then differs but little in appearance from 
its simple form, which is that of a very fine light white powder. It 
dissolves in 2000 times its weight of water, but forms with acids 
extremely soluble salts. It has not so great an attraction for acids 
as lime, and consequently yields them to the latter. It is found in 
a great variety of mineral combinations, such as slate, mica, ami- 
anUius; and more particularly in a certain limestone, which has 
been discovered by Mr. Tennant to contain it in very great quan- 
tities. It does not attract and solidify water, like lime ; but when 
mixed with water and exposed to the atmosphere, it slowly absorbs 
carbonic acid from the latter^ and thus lose^ its causticity. Its 
chief use in medicine is, likeihat of lime, derived from its rea4i- 
ness to combine with, and neutralize, the acid which it meets with 
in the stomach. ' 

Emily. Yet, you said that it was taken in the state of carbonal, 
in which case, it has already combined with an acid ? 

Mrs. B. Tea ; but the carbonic is the last of all the acids in the 
order of affinities ; it will therefore yield the magnesia to any qf 
the others. It is, however, frequently taken in its caustic state as 
a remedy for flatulence. Combined with sulphuric acid, magnesia 
forms another and more powerful medicine commonly called Epsoin 
sak. 

Caroline. And properly, sulphat ofmagnena, I suppose ? Pra^, 
how did it obtain the name of Epsom salt ? 

Mrs. B. Because there is a spring in the neighborhood of Epsom 
which contains this salt.in great abundance. 

The last alkaline earth which we have to mention is stko»- 
TiAir, or 8TRONTITE8, discovercd by Dr. Hope a few years ago. 
It so strongly resembles barytes in its properties, and is so sparingly 
found in nature, and of so little use. in the arts, that it will not ^ 
necessary to enter into any particulars respecting it. One of the 
remarkable characteristic properties of strontites is, that its salMi, 
when dissolved in spirits of vnne, tinge the fiame a deep red, «r 
blood color. 

866. Of what use is lime in^agrieultOM ? 

857. What is the sioftpte form of magnesia? 

858. Does it attKaet water ? 

^459, WJiat is its chief use in medicine? 

860. In what state is it used in medicine ? 
^1. : What does it form combined with snlplHiric w^ ? 
m^. Why is the sulphat of magnesia <hUM Epsom sajlf 

863. Is strontian of any use ? 

-m^ 'Whaliis one ef tb«tmaAable,iiioptftMMi ff fbiwtaii? 
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COmrERSATION XYI» , 

OV ACIDS. 

Mrs. B. We may now proceed to the acids. Of the metallic 
oxyds, yoa have already aoqaired some general notiooa. ^his 
•abject though highly interesting in its details, is not of somcient 
importance to our concise view of chemistry, to be particularly 
treated of; but it is absolutely necessary that you should be better 
acquainted with the acids, and likewise with their combmations 
with the aJkahes, which form the triple compounds, called hkv- 

TRAL SALTS. 

This class of acids is characterized by very distinct properties. 
They all change blue vegetable infusions to a red color ; they are 
more or less sour to the taste; and have a general tendency to 
combine with the earths, alkalies and metallic oxyds. 

You have, I believe, a clear idea of the nomenclature by which 
the base (or radical) of the acid, and the various degrees of addifi- 
eation, are expressed ? 

Emify. Yes, I think so ; the acid is diistinguiBhed by the name of 
its base, and its degree of pxydation, that is, the quantity of oxygen 
it contains, by the termination of that name in ous or ic; thus sul- 
phureous acid, is that fqpned from the smallest proportion of oxygen 
combined with sulphur ; sulphuric acid is that which results &m 
the combination of sulphur with the greatest quantity of oxygen. 

Afrs. B. A still greater latitude may, in many cases, be aSowed 
to the proportions of oxygen that can be combined with acidifiable 
radicals ; for several of these radicate are susceptible of uniting with 
a quantity of oxygen so small as to be insufficient to give them the 
properties of acids ; in these cases, therefore, they are converted 
into oxyds. Such is sulphur, which, by exposure to the atmos- 
phere with a degree of heat inadequate to produce inflammatioD, 
absorbs a small proportion of oxygen, which colors it red or brown. 
This, therefore, may be considered as the first degree of oxygens- 
tion of sulphur; the 9d converts it into sulphiireotis acid; the 3d 
into the sulphuric acid ; and 4thly, if it was found capable of com- 
bining with a stiH larger proportion of oxygen, it would then be 
termed super-oxygeruUed stuphuric add, 

ErMfu, Are these various degrees of oxygenation common to sH 
the acids ? 

Mrs. B, No'; they vary much in this respect ; some ar&sosoep- 
tible of only one degree of oxygenation ; others of two or three; 
there are but very few that will admit of more. 

866. Wfaatisanscid? 

666. How are acids distinguished ? 

867. What is meant by the radical of an acid? 

868. What substance unites to the radical to form an amd ? 

869. How does the language of chemistry distinguish the tlmifer 
from the weaker acid ? 

870. What term is used to denote the first degree of oxygenation ? 

871. When a radical anites with another proportion of oxygen after 
that denoted by te, what term is used P 

89S. Are aU acids aoaoepitiUe of the MOM degree of ozjgeMlioa? 



OtroBne. The modern nomenclature must be of immense advan- 
tage in pointing out so easily the nature of the adds, and thoit 
various degrees of oxygenation. 

Mrs, B. Till lately many of the acids had not been decompose^j 
bat analogy avoided «o strong a proof of their corajraund nature, 
that I could ne^er reconcile myself to classing them with the simple 
bodiQS, though this division has been adopted by several chemical 
writers. At present the muriatic and the fluoric are the only acids 
which have not had their bases distinctly separated. 

Caroline. We have heard of a great variety of acids ; pray how 
many are there in all ? 

Mrs. B. I believe there are reckoned at present thirty-four, and 
their number is cbnstandy increasing as the science improves ;' but 
the most important, and those to which we shall almost entirely 
confine our attention, are but few. I shall, however, give you ft 
general view of the whole ; and then we shall more particularly 
examine those that are the most essential. 

This class of bodies was formerly divided mto mineral, vegetable 
and animal adds, accojrding to the substances from which ihdf 
were commonly obtained. 

Caroline. liiat, I should think, must have been an excellent ar- 
rangement ; why was it altered ? 

Mrs. B. Because, in many cases it produced confusion! In which 
class, for instance, would you place carboj^ add ? 

Caroline. Now I perceive the difficult^ I should be at a loss 
where to place it, as you have told us that it exists in the animal, 
vegetable, and mineral kingdopis. 

^mUf. There would be the same t>bjection with respect to 
phosphoric, which, though obtained chiefly from bones, can alsOj 
you said, be found in quantities in stones, and likewise in some 
plants. 

Mrs. B. You see, therefore, the propriety of changing this mode 
of classification. These objections do not exist in the present no- 
menclature ; for the composition and nature of each individual add 
is in some degree pointed out, instead of the class of bodies from 
which it is extracted ; and, with regard to the more general divi- 
sion of acids, they are classed under these three heads : 

First, Adds of known or supposed simple bases, which are 
formed by the union of these bases i^th oxygen. They are the 
following : 

873. How many acids are there ? 

874. How were acids formerly divided? 

675. What objection was there to this division? 
876. Under liow many general heads or divisions axe adds at preset 
placed? 
&I7, What kind of adds make the first class? 
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►Acids of knowti and simpte ImuiCSj 



TkdSuipkuhc ' 
Carbonic 

mric 

Photphofic 

Arumcal 

T\mgstenic 

Mohybdemc 

Boradc 

Fluoric 

Muriatic J ^^ 

This class comprehends the most anciently known and tnoqt 1np> 
portant acids. The sulphuric, nitric, and muriatic, were formerly, 
and are still frequently called mineral adds, 

Sdly. Acids that haye double or binary radicals, and which oon* 

•equently consist of triple combinations. These are the yegetable 

acids, whose common radical is a compound of hydrogen and carbon. 

Caroline, But if the basis of all the vegetable acids be the same 

it should form but one acid ; it may indeed combine wiUi d^erent 

proportions of oxygen, bat the nature of the acid must be the same. 

Mrs, B. The only difference that exists in the bases of vegetable 

teids, is the various pi;pportions of hydrogen and carbon from 

"lirhich they are severally composed. But this is enough to produce 

a number of acids apparently very dissimilar. That they do not 

^wever diiler essentially is proved by their susceptibility of being 

eonverted into each Qm^y by the addition or subtraction of a poi*^ 

tion of hydrogen or caroon. The names of these adds are, 

The Acetic 

Oxalic 

Tartarous 

Citric 

Malic 

Gallic 

Mucous 

Benzoic 

Succinic 

Camphortc 

Suberic 

The dd class of acids consists of those which have triple radicals, 
and. are therefore of a still more compound nature. This 
comprehends the animal acids, which arp, 
Th^Lactvc ■" 



►Acids of donbte bases, being^f vegetable origiai 



Prussic 
Formic 
BorrAtc 
Sebacic 
Zoonic 
LUhic 



Adds of triple bases, or animal adds. 



878. What are their names ? 

879. What ones of this class are called mineral acids f 

880. What ones make the second division ? 

881. What is the common radical of vegetable acids.' 

882. What is the difference in the bases of vegetable acids ? 

883. What are the names of the vegetable acids ? 

884. What ones make the third division of acids ? 
886. Name the acids with triple radicals. 



I have given yon. this summary aoooant or eiiiimeration of the 
adds, as you may find it more satisfactory to have at once an ou^ 
line or a general notion of the extent of the sabjeet : but we shaB 
now con&ie ourselves to the first class, which requires our more 
immediate attention ; and defer the few remarks which we shall 
have to make on the others, till we treat ol^ the chemistry of the 
animal and vegetable kingdoms. 

The acids ^f simple and known radicals are in most instaooeB 
capable of being decomposed by combustible bodies, to which thev 
yieUl their oxygen. H, for instance, I pour a drop of solphune 
add on this piece of iron, it will produce a spot of rust ; you know 
what it is ? 

Caroline . Yes ; it is an oxyd, formed by the oxygen of the acid 
eombinin? with the iron. 

Mrs. B. In this case you see the salphm^eposits the oxygen by 
which it was aeidified'on the metal! An^R^am, if we pour some 
ad<l on a compound combustible substance, (we shall try it on this 
piece of wood) it will combine with on» or more of the constituents 
of that substance, and occasion a decompodtion. 

EmUy. It has changed the color of the wood to black. How 
is that? 

Mrs, B. The oxygen deposited by the acid has burnt it ; to« 
know that wood in burning becomes black before it is reduced to 
ashes. Whether it derives the oxygen sdiich bums it from the 
almospheie, or from any other source, ther chemical efi^ on the 
wood i» the same. In the case of real combustion, wood becomes 
black, because it is reduced to the state of chuooal by the evapora- 
tion of its other constituents. But can you tell me the reason why 
wood turns black when burnt by the application of an add ? 

CaroUne, First tel) me what are the IngiedientiB of wood f 

Mrs, B. Hydrogen and carbon are the chief constituents of wood, 
as of all other vegetable substances. 

-Caroline. WeU, then, I suppose that the oxygen of the add 
oombines with the hydrogen of the wood, tp finrm water ; and that 
the carbon of the wood, remaining alope, appeaisB of its usual black 
color. 

Mrs. B. Very well indeed, my dear; that it certainly the most 
plaudble explanation.. 

Emily. Would not this be a good method of making charcoal ? 

Mrs. B, It would be an extremely expensive, and ibelieve very 
imperfect method; for the action of the acid on the wood, and the 
heat produced by it, are far from suflldeQt to deprive the wood of 
all its evaporable partii. 

Caroline. What is the reason that vinegar, lemon, and the add 
of fruits, do not produce this efiect on the wood ? 

idrs. B. They are vegetable acids iB^hose bases are composed of 

886. How can acids of simple radicals be decomposed ? 
867. If a drop of iulpharic add falls on a pieoe of iron, why does it 
produce rust? 

888. Why does acid turn wood black ? 

889. Why does wood become black in real coipbustion f 

890. What ane the ph^ef constituenUi of wood ? 

891. Why does not vinegar, lemon, and the other Tcy^aUe 
Bcodooe the same ellhct on wood ? 
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hydrogen and carbon ; the oxygen, thezefore, will net be diapoMd 
to quit this radical, where it ip already united with hydrogen. The 
Btrongeat of these may, perhaps, yield a little of their oxygen to 
the wood, and ]^rodace a stain upon it, but the carbon will not be 
fufficiently uncovered to assume its black color. Indeed, the se?- 
eral mineral acids themselves possess this power of charring wood 
in very difierent degrees. 

t^rmiy. Cannot vegetable acids be decompoeed, by any combus- 
tibles? 

Mrs, B,^ No : because their radical is composed of two sqjb- 
stancea which have a greater attraction for oxygen than any known 
body. • 

CardUne, And are those stronff acids, which bum and decompose 
wood, capable of producing similar effects on the skin and ton of 
animals? 

Mrs, B, Yes ; all the mineral acids, and one of them more espor 
oially, possess poweiful caustic qualities. They actually corrode 
fnd destroy the skin and flesh ; but they do not produce upon these 
exactly the san^e alteration thejr do on wood, probably becaaee 
there is a great proportion of nitrogen and other substances in 
animal matter, which prevents the separation of oaxbpn from being 
io opnnicuoiu$. 



CONVERSATION XYII* 

OF THB BULPHUaiC AND PHOSPHORIC ACIDS ; OR THE COMBIVlr 
TlOira OF OXTGX9 WITH SULPHUR AND PHOSPHORUS; AND OP 
THE SULPHATS AND PHOSPHATS. 

Mrs, B, In add-on to the general survey which we have taken 
i9f acids, I think you will find* it interesting to examine individnall^r, 
a few of the most important of them, and likewise some of their 
principal combinations with the alkalies, alkaline earths, and met- 
a)s. The first of these acids, in point of importance, is the sul^ 
PHusic, formerly called oHojf vitriol, 

Caroline, I have known it a long time by that name, but had no 
idea that it was the same fluid as sulphuric acid. What reaemblance 
or connection can there be between oil of vitriol and this add ? 

Mrs. B, Vitriol is the common name for sulphat of iron, a salt 
Which is formed by the combination of snlphuric acid and iron : the 
sulphuric acid was formerly obtained by oistillation firom' this salt, 
fmd it very naturally received its name firom the sabstanoe which 
^rded it. 

' 892. Why cannot vegetable acids be decomiposed by coinbnstiblei? 

893. Do the mineral acids have the same ewct on the skin ai^d fleab 
pf animals as on wood ? 

894. If the^ do not what is the reason ? 

.§j6 . What is the proper chemical name 9)* ed qf vitriol ? 
9IS. Why was it called 1)3 of vitiiolf 



AMP FBosmomic MOW. mm 

CkroHne, Bat it is still usually called oil of vitriol ? 

Mrs, B. Yes ; a sufficient length of time has not yet elapsed, 
since the invention of the new nomenclature, for it to be generally 
disseminated ; but as it is adopted by all scientific chem^ts, there 
is every reason to suppose that it will gradually become universaL 
When I received this bottle from the chemists, ail of vitriol was 
inscribed on the label ; but as I knew you were very punctillious in 
leeard to the nomenclature, changed it and substituted the words 
mphuricadd, 

Emiiu, This acid has neither color mar smell, but it appeazi 
much thicker than water. 

Mrs, ^. it is nearly twice as heavy a« water, and has, you /ne, 
an oily consistence. 

Caroline, And it is probably from this circumstance that it has 
been called an oil; for it can have no real claim to that name, as it 
does not contain either hydrogen or carbon, which are the essentia) 
coDStitnents of oil. 

Mrs. B, Certainly, and therefore it would be the more absurd to 
retain a name which ow$d its origin to such a mistaken analogy. 

Sulphuric acid, in its purest state would probably be a conoreto 
substance, but its attraction for water is such, that it is impossible 
to obtain that acid perfectly free from it ; it is therefore, always 
seen in a liquid form, such as you here find it. One of the most 
striking properties of Sulphuric acid is that of evolvinc^ a consider^ 
able quantity of heat when mixed with water ; this T have already 
shown you. 

EmUy, Yes, I recollect it ; but what was the degree of heat pro* 
duced by that mixture ? 

Mrs, B, The thermometer may be raised by it 300 degrees, 
which is coQsiderablv above the temperature of boiling water. 

Caroline, Then the water may be made to boil ih that mixture ? 

Mrs, B, Nothing more easy, provided that you employ sufficient 
quantities jof acid and of water, and in the due proportions. The 
greatest heat js produced by a mixture of one part of ^ater to four 
of the acid ; we shall make a mixture of these proportions, and 
immerse in it this thin elass tube, which is full of water. 

Carohne, The vessel feels extremely hot, but the water does not 
boil yet ' ^ 

Mrs, B. You must allow some time for the heat to penetrate the 
tube, and ra^se the temperature of the water to the boiling pointr-- 

QiroUne, Now it boils, and with increasing violence. 

Mrs. B, ^ut it will not continue boiling long ; for the mixture 
gives out heat only while the particles of the water and the acid are 
mutually penetrating each other ; as soon^as the new arrangement 

897. What is the color and smell of this acid ? 
896. What is ils weiffht? 

899. What would sulphuric acid be in its purest state ? 

900. What is ihe consequence of mixing it with water .' 

901. What is one of its most striking properties ? 
9(Q. rHow high may a thermometer oe raised by it? 

903. In what proportions must solpburic acid and water be miied ia 
order to produce the greatest degree of heat ? 

904. Why does the miztsre of sjolphuric aoid sad inifit give out 
hsat only fo^ so i^b^ii a tisae? 
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of these partides is efleoted, the mixtaie will grtduJly eool, ui 
the water retara to its former temperature. 

You have seen the maimer in which sulphuric acid decomposeB 
aU combustible substances, whether animal, Testable, or mineral, 
and bums them^y means of its oxygen ? 

Caroline. I have very unintentionSly repeated the experiment on 
my grown, by letting a drop of the acid fall upon it, aad it has made 
a stain, which I suppose will never wash out. 

Mrs, B, No, certainly ; for before you can put it into water, tht 
spot will become a hole, as the acid has literally burnt the muslin. 

Caroline, So it has, indeed ! Well, I will fasten the stopper, 
aad put the bottle away, for it is a dangerous substance. Oh, now 
I have done worse still, for I have spilt some on my hand ! 

Mrs, B, It is then burned, as well as your gown, for you know 
that oxygen destroys anira^ as well as vegetable matter; and as 
fiur as the decomposition of the skin of your finger is efiected, there 
is no remedy ; but by washing it immediately in water, you will 
dilute the acid, and prevent any further injury. 

Caroline^ It feels extremely hot, I assure ^ou. 

Mbrs, B, you have now learned, by experience, how cautionsi? 
this acid must be used. You will soon become acquainted with 
another acid, the nitric, which, though it produces less heat on the 
skin, destroys it still quicker, and makes upon it an indelible stain. 
You should never handle any substance of this kind without pre- 
viously dipping your fingers into water, which will weaken their 
caustic effect. But, since* you will not repeat th^ experiment, I 
must pat in the stopper, for the acid attracts the moisture from th^ 
atmosphere, which would destroy its strength and purity. 

£My. Pray, how can sulphuric acid be extracted from sulphat 
of iron by disullation ? 

Mrs. 6. The process of distillation, yon l^now consists in sepa- 
rating substances from one another, by means of their different 
degrees of volatility, and by the introduction of a new chemical 
agent, caloric. Thus, if sulphat of iron be exposed in a retort to a 
proper deffree of heat, it will be decon^posed, an4 the sulphuric acid 
will be vdatilized. 

. EmUy. But 90W that the process for forniinff acids, by the com' 
bustion of their radicals is known, why shpulcfnot this method be 
used for making sulphuric acid ? 

Mrs, B. This is actually done in most manufactures ; but the 
usual method of preparing sulphuric acid does not consist in bom- 
ijng the sulphur 19 oxygen gas (a^ we forqaerly did by way of 
experiment,) but in heating it together with another substance, 
nitre, which yields oxygen in sufficient abundance to render the 
combustion in common air rapid ai^d con^plet^. 

Caroline, This substance, then, answers ths same purpose as 
oxygen gas ? 

Mrs, S, Exactly. In manufactures, the combustion is performed 
in a leaden chamber, with watev at the bottom, to receive the Tspor 
and assist its condensation. The combustion is, however, never 
K ' perfect but that a quantity of sulphureous acid is formed at the 

905. How does iulphuric a^id compara with nitric acid ? 
. 906. la what consists the process of iiiH^I'Mi^ff ? 
907. How is solphorio scid obtained f 



i time ; (or, if you. recollect that the salphnieoos acid> ncoard*- 
ing to the chemical nomenclature, difiers firom the sulphuric only 
by ooataining less oxygen. 

From its own powerful properties, and from the Tarious combi- 
nations into which it enters, sulphimc acid is of great importanee 
in many of the arts. 

It is used also in medicine in d state of great dilution ; for were 
it taken internally, in a concentrated state, it would proye a most 
dangerous poison. 

Qirohne, I am sute it would bum the throat and stomach. 

Mrs. B. Can you think of any thing that would prove an anti^ 
dote to this poison ? 

CaroUne, A large draught of water to dilute it. 

Mrs, B. That would certainly weaken the caustic power of the 
acid, but it would increase the heat to an intolerable degree. Do 
you recollect nothing that would destroy its deleterious properties 
more effectually f 

Emily. An alkali mighty by combining with it ; but then a pure 
alkali is itself a poison, on account of its causticity. 

Mrs. B. There is no necessity that the alkali should be caustic. 
Soap, in which it is combined wit(i oil ; or magnesia, either in the 
state of carbdnat, or tnixed with water, would prove the best . 
antidote. • 

Ihixhf. In those cases then, I suppose, the potash and the magf * 
nesia would quit their combinations to form salts with the sulphuno 
acid ? 

Mrs. B. Precisely. 

We may now make a few observations on the sulphureous acid, 
which we have found to be the product of sulphur slowly and im- 
perfectly burnt. This acid is distinguished by its pungent smell* 
and its gaseous form. 

Caroline^ Its teriform state is, I suppose, owing to the smaller 
proportion of oxygen, which renders it lighter than sulphuric acid } 

Mrs. B. Probably ; for by adding oxygen to the weaker acid, 
it may be converted into the stronger kind. But this change of 
state may aliso be connected with a change of affinity with regard 
to caloric. 

Emihf. And may sulphureous aCid be obtained from sulphurio 
acid by a diminution of oxygen ? 

Mrs. B. Yes ; it can be done by bringing any combustible sub* 
stance in contact with the acid. This decomposition is must easily * 
performed by some of the acids; these absorb a portion of the 
oxygen from the sulphuric acid, which is thus converted into the 
sulphureous, and flies off in its gaseous form. 

Cardline. And cannot the sulphureous acid itself be decomposed 
and reduced to sulphur ? 

Mrs. B. Yes ; if this gas be heated ifl contact with charcoal, the 
oxygen of the gas will combine with it, and the pure sulphur wiU 
be regenerated^ 

006. How does sulphureous aoid difier fVom sulphuric ? 
009. What would prove the best remedy to a person who had swsl* 
lowed sulphuric acid f 

910. How may sulphureous acid be obtained } 

911. How can the sulphuric acid be changed to the sulphureous? 

912. Uow can sulphureous acid be reduced to sulphur > 



!nO or m sinupBumoirs acid. 

SnlplmteooB acid is readilj absorbed by watery and in this Uquid 
slate It is found particulaTly useful in bleaching linen and wooUeil 
cloths, and is much used in manufactures for those purposes, i 
can show you its eflfects in destroying colors, by Uddng out vegeta- 
ble stains— I think I see a spot on your gown, Emily, on which we 
may try the experiment. 

tSimfy. It is the stain of mulberries : but I shall be almost afiraid 
of exposing my ^own to the experiment, after seeing the eSbd 
which the sulphuric acid produced on that of Caroline — 

Mrs. B, There is no such danger from the sulphureous ; but the 
experiment must be made with great caution, for during the fonna- 
tion of sulphureous acid by conwustion, there is always some sul- 
phuric produced. 

Corotine, But where is jour sulphureous acid ? 

Mrs. B^ We may easily prepare some ourselves, simply by burn- 
ing a match ; we mus^ first wet the stain with water, and now hold 
it m this way, at a distance over the lighted match ; the vapor that • 
arises from it is sulphureous acid, and the stain, you see, graduadly 
disappears. 

Emihf. I have frequently taken out stains by this means, without 
understanding the nature of the process. But why is it necessary 
io wet the stain before it is exposed to the acid fumes ? 

Mrs. B. The moisture attracts and absorbs the sulphureous acid; 
and it serves likewise to dilute any particles of sulphuric acid which 
might injure the linen. 

Sulphur appears to be susceptible of a third combination of -oxy- 
gen in which the proportion of the latter is too small to render the 
sulphur add. It acquires this slightoxygenation by mere exposure 
to the atmosphere, without any application of heat ; in this case 
the sulphur does not change its natural form, but is only discolored, 
being changed to red or brown, a state in which it may be consid- 
ered an oxyd of sulphur. 

Before we take leave of the sulphuric acid, we shall say a few 
words of its principal combinations. It unites with all the alkalies, 
alkaline earths and metals, to form compound salts. 

GaroHne. Pray, give me leave to interrupt you for a moment: 
you have never mentioned any other salts than the compound ot 
neutral salts ; is there no other kind ? 

Mrs. B. The term salt has been used, from time immemorial, as 
a kind of general name for any substance that has savor, odor, 
is soluble in water, and crystallizable, whether it be of an acid, an 
alkaline or compound nature ; but the compound salts alone retain 
that appellation in modem chemistry. 

The most important of the salts formed by the combination of the 
sulphuric add^ are, £rst, sttlphat of potash, formerly called sal poh^ 
chrest : this is a very bitter salt, much used in medicine ; it is found 
in the ashes of most vegetables, but it may be prepared artifidally 
by the immediate combmation of sulphuric add and potash, tins 

913. What important use is made of this acid ? 

914. What is the easiest process for making this acid ? 

915. How would you describe a third combination of sulphur with 
tfxygen ? 

916. With what does sulphuric add unite > 

917. What is the meaning of the term salt? 
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nJt 18 easOy soluble in b6ilinff water. Solubilitj is, indeed, a prop- 
erty common to all salts ; ana they alwajrs produce cold in melting. 

tSmify, That mast be owing to the caloric which they absorb m 
passing from a solid to a fluid form. 

Mrs. B, That is, -certainly, the most probable explanation. 

Sulphat of Soda^ commonly called Glauber's salt, is another me- 
dicinal salt, which is still more bitter than the preceding. We must 
prepare some of these compounds, that you may observe the phe- 
nomena which take place during .their rormation. We need only 
pour some sulphuric aeid over the soda which I have put into this 
glass. 

CaroUne, What an amazing heat is disengaged ! — ^I thought you 
said that cold waa produced by the melting of salts ? 

Mrs, B, But you must observe that we are now making, not meU- 
inf a salt. Heat is diaenffaged daring ^e formation of compound 
salts, and a faint light is luso emitted, which may sometimes be per 
ceived in the dark. 

EnUfy. And is this heat and light produced by the union of the 
opposite electricities of the alkali and the acid ? 

Mrs. B. No doubt it is, if that theory be true. 

Caroline. The union of an acid and an alkali is then an actual 
eombusiion ? 

Mrs. B. Not precisely, though there is certainly much analogy 
in these processes. 

CaroJvne. Will this sulphat of soda become solid ? 

Mrs. B. We have not, I suppose, mixed the acid and the alkali 
in the exact proportions which are required for the formation of 
the salt, otherwise the mixture would have been almost immediate* 
ly changed to a solid mass ; but in order to* obtain it in crystals, aa 
you see it in this bottle, it would be necessary first to dilute it with 
water, and afterwards to evaporate the water, during which opera- 
tion the salt would gradually crystallize. 

Caroline. But of what use is the addition of wat», if it is after- 
wards to be evaporated ? 

Mrs. B. When suspended in water, the acid 4ind the alkali are 
more at liberty to act on each other, their union te more complete, 
and the salt assumes the regular form of crystals during the slow 
evaporation of its solvent. 

Sulphat of soda liquefies by heat and eflloresces in the air. 

Ennljf. Pray what ia the meaning of the word effloresces^ I do 
not recollect your havine mentioned it before. 

Mrs. B. A salt is said to efiioresce when it loses its water of qry»> 
tallization on being exposed to the atmosphere, and is thus gradual- 
ly*converted into a dry powder : jou may observe that these crys- 
tals of sulphat of soda are far from possessing the transpaiency 
which belongs to their crystalline state; they are covered with a 
white powder, occasioned by their having been exposed to the -at- 
mosphere, which has deprived their sarfaoe of its lustre, by absorb- 
ing Its water of crystallization. Salts are, in general, either ^lor- 
escent or deliquescent ; this latter property is precisely the reverse of 

918. Why do the salts produce cold in melting ? 

919. By what name is the lulphat of soda calfed ? 
900. How can solphalofsoda be formed? 

931. WhatisthesignifieatiMiof thewofdeffloi BS cs s ? 



the farmer ; that ii t^ say, deliqoeaeeot salts ahsoxb wstar fiomthe 
atmosphere, and are moistened and gradually mehed by it. Mvznt 
ef lime is an instance of great deliqaescenoe. 

ErnUy, But are there no salts that have the same degiee of at- 
traction for water as the atmosphere, and that will oonseqoently not 
beafiectedbyit? 

Mrs. B. I es : there are many such salts, as, for instance^ com- 
mon salt, snlphat of magnesia, and a variety of others. 

Suiphat of lime is very frequently met with in nature, and eoosd* 
tutes the well known substance called gypsum or plaster of pans. 

Sulphat of magnesia, commonly esMSi Epsom salt is another lery 
bitter medicine^ which is obtained from sea-water and from several 
springSjf or may be prepared by the direct combination of its ingie- 
ments. 

We have formerly mentioned sulphat of akamne as constitatiag 
the common alum; it is found in nature chiefly in the n^i^borhora 
of volcanoes, and \b particularly useful in the arts, from its strong 
astringent qualities. It is clnefly employed by dyers and calico- 
printers, to fix colors ; and is used also in the manufacture of boidb 
kinds of leather. 

Sulphuric acid combines also with the metals. 

Caroline. One of these combinations, sulphat of tron^ vire are air 
Toady well acquainted with. 

Afrs. B. This is the most important metallic salt formed by aol^ 
phuric acid, and the only one which we shall here notice. It is of 
great use in the arts ; and in medicine it aifords « very valuable 
tonic ; it is of this salt that most of those preparations called sud 
medicines are composed. 

Qtrohne. But does any carbon enter into these eompositioDS to 
form steel ? 

Mrs. B. Not an atom ; they are, therefore, very improperly call- 
ed steel ; but it ia the vulvar appellation, and mediou men them- 
selves often comply with the general custom. 

Sulphat of iron may be prepared, as yoil have seen, by dissohiog 
iron in sulphuric add : but is generally obtained from the natonl 
production called Pyri/es, which bein? a sulphuret of iron, requires 
only exposure to the atmosphere to be oxydated, in order to foim 
the salt ; this, therefore, is much the most easy way of pioeniiBg 
it on a lar&^e scale. 

Emily. I am surprised to find that both adds and oompoand salts 
are generally obtained from their various combinations, rather than 
from Uie immediate anion of their ingredients. 

Mrs. B. Were tiie simple bodies ^ways at hand, their oombiiiar 
lien would naturally be the most convenient method of fonmng 
oooapounds : but you must consider that, in mdst instances, there ii 
gxMt difficulty and expense in obtainmg the simple iqgredienl finm 

9aS. What is the mgaifieation of the word deliqnesoent ? 
9S3. What iubstanoe is frequently found in natuie^ the .aans M 
snlphat of lime? 

924. From what is sulphat of magnesia obtained ? 
^. Where is the sulphat ofalamine chiefly! foudt? 
Vm. For what purpose is it used } 

987. From what is the snlphal of ifOA4ihtamsdf 

988. Howis=snl|*at.qfi 
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their oomHnations ; it is, therefore, oflen more expedient to procure 
oompounds from the decomposition of other compounds, ^ut, to 
return to the sulphat of iron. There is a certain vegetable acid call- 
ed gallic add, which has the remarkable property of precipitating 
this salt black — ^I shall pour a few drops of the gallic acid into this 
solution of sulphat of iron — 

Caroline, It is become as black as ink ! 

Mrs, B, And it is ink in reality. Common writing ink is a pre- 
cipitate of sulphat of iron by gallic acid ; the black cdor is owing 
to the formation of ffallat pf iton, which being insoluble, remaine 
suspended in the fluid. 

This acid has also the property of altering the color of iron in its 
metallic state. You may frequently see its effect on the blade of a 
knife, that has been used to cut certain kinds of fruits. 

CdroUne, True ; and that is, perhaps, the reason that a silver 
knife is preferred ^ cut fruits; the gallic acid, I -suppose, does not 
act upon silver. — ^Is this acid found in all fruits ? 

Afr^. B. It is contained, more or less, in the rind of most fruits 
and roots, eispecially the radish, which, if scraped with a steel or iron 
knife, has its deep red color changed into a aeep purple, the knife 
being at the same time blackened. But the vegetable substance 
in which the gallic acid most abounds, is nutgaUy a kind of ex- 
crescence that grows on oaks, and from which the acid is conmionly 
obtained for its various purposes. 

Mrs, B, We now come to the pkobphoric and phosphobus 
AciDir. In treating of phosphorus, you have ^een how these' acids 
may be obtained &om it by combustion. 

jEmify, Yes ; but I should be much surprised if it was the usual 
method of obtaining them, since it is so very difficult to procure 
phosphorus in its pure state. 

^6-3. B, You are right, my dear; the phosphoric acid, for gene- 
ral purposes, is ezti^ted firom bones, in which it is contained in the 
state ot phosphat of lime ; from this salt the phosphoric acid is sepa- 
rated by means of the sulphuric, which combines with the lime. 
In its pure state, phosphpric acid is either liquid qr solid, according 
to its aegree of concentration. 

Among the salts formed by this acid, phosphat of lime is the onlj 
one that aflS>rds much interest ; and this, we have always observed/ 
constitutes the basis of all bones. It is also found in very smaH 
quantities in some vegetables. 

929. How may the sulphat of iron be turned black ? 

930. Why is the knife turned black in cutting fruit? 

931. In what vegetable substance does gallic acid mostly iboojMl ? 
933. White is the phosphat of lime found ^ 

19 
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CONYERSATIOlf XTIII* 

OF THE NITRIC AND CARBOITIC ACIDS ; OR THE CO^lNATIOmi 
OF OXTOEN WITH NITROGEN AND CARBON; AND OF THE 
NITRAT8 AND CARBONATS. 

M*«. B. Ism almost afraid of introducing the anbiect of the ni- 
tric ACID, as I am. sure that I shall be blamed by Caroline for not 
having made her acquainted with it before. 

Caroline, Why so, Mrs. B. ? 

Mrs. B, Because you have long known its radical, which is m- 
trogen, or azote; and in treating of that element, I did not eves 
hint that it was the basis of an acid. > 

Caroline, And what could be your reason for not mentioning this 
acid sooner ? . 

Mrs, B, I do not know whether you Ivill think the reason snffi- 
ciently good to acquit me ; but the omission, I assure you, did not 
proceed from neghgence. You may recollect that nitrogen was one 
of the first simple bodies which we examined ; you were then igno- 
rant of the theory of combustion, which I believe was, for the first 
time, mentioned m that lesson ; and therefore it would have been 
in vain, at any time, to have attempted to explain the nature zoi 
fi»rmation of acids. 

Caroline, I wonder, however, that it never occurred to us to in- 
Guire whether nitrogen could be acidified ; for, as we know it was 
(passed among the combustible bodies,' it was natural to sappose 
that it might produce an acid. 

Mrs. B, That is not a necessary consequence ; for it might conh 
bine with oxygen only in the degree reauisite to form an ovjA. 
But yott will find that nitrogen is susceptible of various degrees of 
oxygenation, some of which convert it merely into an o^rd, aad 
others give it all the acid properties. 

The acids, resulting firom the combination of oxygen and nitro- 
gen, are called the nitrous and nitric acids. We will begin widi 
&e nitric, in which nitrogen is in the highest state of oxygenation. 
This add has so powerful an attraction for water that it has ncTer 
been obtained perfectly free from it. But water may be so strongly 
impregnated with it as to form an exceedingly powerful acid sta- 
tion. Here is a bottle of this acid, which you see is qnite limpid. 

Caroline, What a strong ofifensive smell it has! 

Mrs* B, T3us aeid oontains a greater abundance of oxygen than 
any other ; but it retains it with very little force. 

Mimily, Then it must be a powerful caustic, both from the fscOity 
with which it parts with its oxygen, and the quantity which it aflSuds. 

933. What is the radical of nitric acid ? 

934. What acids are formed by the combination of nitrogen anl 
ozyjren.' 

9&. How does nitric acid naturally exist? 

936. How does this compare with other acids as to the quantity m 
om|en contained in it ? 
8^. To what is the great causticitx of nitric leid owing ? 
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it6:^. B. Very well, Emily; both causes and efleets are exactly 
snch as you describe ; nitric acid burns and destroys all kinds of 
orvani^d matter. It even sets fire to some of the most combustible 
Substances. We shall pour a little of it over' this piece of dry 
warm charcoal * — ^you see it inflames it immediately ; it would do 
the same with oil of turpentine, phosphorus, and several other yery 
combustible bodies. This shows you how easily this acid is decom- 
posed by combustible bodies, sinoe these effects must depend upon 
the absc^tion of its oxygen. 

Nitric acid has been used in the arts from time immemorial ; but 
it is only within these twenty-five years, that its chemical nature haa 
been ascertained. The celebratad Mr. Cavendish discovered that 
it consisted of about 10 parts of nitrogen and 25 of oxygen. f These 
principles, in their gaseous state, combine at a high temperature; 
and this ma}[ be effected by repeatedly passing the electrical spark 
through a mixture of the two gases. 

Unify. The nitrogen and oxygen gases, of which the atmosphere 
is composed, do not combine, I suppose, because their temperature 
is not sufficiently elevated. ' > 

Caroline. But in a thunder storm, wl^en the lightning repeatedly 
passes through them, may it not produce nitric acid ? We should be 
in a strange situation, if *a violent storm should at once convert the 
atmosphere into nitric acid. 

Mrs. B. There is no danger of it, my dear ; the lightning can af- 
fect but a very small portion of the atmosphere, and thouffh it were 
occasionally to produce a little nitric acid, it UQver could happen to 
such an extent as to be perceivable. 

Emify. But how could the nitric acid be known, and used, before 
the method of combining its constituent was discovered ? 

Mrs. B. Previous to that period, the nitric acid was obtained, 
and it is indeed still extracted, for the common purposes of art, 
from the compound salt which it forms with the potash, commonly 
called nitre. 

Caroline. Why is it so called ? Pray, Mrs. B., let these old un- 
meaning names be enti^ly given up, by us at least ; and let us call 
this salt nitrat of potash. 

* To inflame charcoal, a stronger acid than that isold at the shops 
is necessary. The experiment with oil, turpentine, and phospho- 
rus, succeeds, if about a sijcth part of sulph. acid is added to the 
nitric acid. The experiment with the turpentine requires caution.. 
The phial containing the acid must be tied to a stick, a yard or two 
long, the operator pouring it into a small quantity of the turpentine 
standing at a distance. — C. 

f The proportion stated by Sir H. Davy, in his Chemical Re- 
searches, is as 1 to 2,389. 

938. What is the reason why nitric acid inflames charcoal, oil of tor- 
|ientine, &c. ? 

939. What are the proportions of oxygen and nftrogen in nitrior 
acid ? . I 

T 940. What is the reason that the oxygen and nitrogen of which the 
atmosphere is composed, do not combine and form nitric acid ? 
941. Why does not lightning prodnce this elevation of temperature ? 
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J^s, B, With all my heart ^ but it is necessary that I BhouM, at 
Ipasty mention the old names, and more especially those .which aie 
yet in common use; otherwise, when you meet with them, yoa 
would not be able to understand' their meaning. 

Emily. And howjs the acid obtained from this salt ? 

Mrs. B. By the intervention of sulphuric acid, which combines 
with the potash, and sets the nitric acid at liberty. This I can 
easily show you, by mixing some pitrat of potash and sijlphuric acid 
in this retort, and heating it over a lamp ; the nitric acid will come 
over in the form of vapor, which we shall collect in a glass bell. 
This acid diluted iq water, is commonly called ciqua fortis, if Cdi- 
oline wUl allow me to mention that name. 

Caroline, I have oflen heard that aqua fortis wiH dissolve almost 
all metals ; it is no doubt because it yields its oxygen so easily. 

Mrs. B. Yes ; and from this powerful solvent property, it deriT- 
ed the, name of aqua fortis, or strong water. Do you not recollect, 
iliat we oxydated, and afterwards dissolved, some copper in thi» 
acid? 

Emily. If I remember riglit, the nitrat of copper was the first in- 
stance you gave us of a compound salt ? 

Caroline. Can the nitric acid be completely decomposed and con- 
verted into nitrogen and oxygea? 

Emily. That cannot be the case, Caroline ; since the acid can be 
decomposed only by the combination: of its constituents vdth other 
bodies. ^ 

Mrs. B. True ; But; caloric is sufficient for this purpose. 

By making the acid pass through a red hot porcelain tube, it is 
decomposed; the nitrogen and oxygen regain the caloric which 
they had lost in combining, and are thus both restored to their gas- 
ftous stale. 

The nitric acid may also be partly decomposed, and is by this 
means converted into tutrous acid. 

Caroline. This conversion must be easily effected, as the oxygen 
is so slightly combined with the nitrogen. 

Mrs. B. The partial decomposition of nitric acid is readily ef- 
fected by most metals ; but it is sufficient to expose the nitric acid 
to a very strong light to make it give out oxygen gas, and thus be 
converted into nitrous acid. This latter acid appears in Tarious de- 
grees of strength, according to the proportions of nitrous acid gas 
and water of which it is composed ; the strongest is a yellow color, 
as you see in this bottle. 

Caroline. How it fumes when the stopper is taken out ! 

Mrs^ B. The acid exists naturally in a gaseous state, and is here 
so strongly concentrated in water, that it is constantly escaping. 

Here is another bottle of nitrous acid, which, you see, is of an or- 
ange red ; this acid is weaker, that is, contains a smaller quantity ol 
the acid gas;, and with a still less proportion of the gas it is of an 

942. How is nitric acid obtained from the liitrate of potash ? 

943. What is the common name of nitric, acid diluted in water ? 

944. What is the propriety of the name aqua fortis.' 

945. How may nitric acid be decomposed ? 

946. How can nitrous acid be formed ? 

947. Hovir may the color of water 'be affected by the dififeient por- 
tions of nitrous acid with which it is combined ? 



olire gteesti color, as it appears in this third bottle. In shorty Itie 
weaker the acid^ the deeper is its color. 

Nitrons acid acts still more powerfully on some inflammable sob- 
stances than the nitric. 

Emify. I atn surprised at that, as it contains less oxjgren. 

3lr9. B. But, on |he other hand, it parts with its oxygen mnch 
more readily; you may recollect that we once inflamed oil with* 
this acid. 

The next combinations of nitrpg-en and oxygen form only oxyds 
of nitrogen, the first of which is commonly called nitrous axr; or 
more properly nitxif^ oxyd gas,* This may be obtained from nitrtc 
acid, by exposing the latter to the action of metals, as in dissolving 
them it does not jdeld the whole of its oxygen, but retains a portion ' 
of this principle suflicient to convert it into this peculiar ^as, a spe^ 
cimen of which I have prepared, and preserved witii this inverted 
glass bell. « 

Emib/. It is a perfectly invisible elastic fluid. 

Mrs, B, Yes ; and it may be kept any length of time in this 
manner over water, as it is not, like the nitric and nitrous acids, 
absorbable by it. It is rather heavier than atmospherical air, an^ 
is incapable of supporting either combustion or respiration. I am 
going to incline the glass gently on one side, so a^ to let some of 
the gas escape— 

J&nify, How very curious \ — ^It produces oranffe fumes like the 
liitrous acid ! that is the more extraordinary, as me gas within the 
glass is perfectly invisible. 

Mrs. B, It would give me much pleasure if you could make out 
the reason of this curious change, without requiring any further 
explanation. 

CaroUne. It seems, by the color and smell, as if it were convened 
into nitrons acid gas ; yet that cannot be, unless it combines with 
more oxygen ; and ho^ can it obtain oxygen the very instant it 
escapes horn the glass f 

EmUy, From the atmosphere, no doubt. Is it not so, Mrs. B.^ 

Mrs, B, You have guessed it ; as soon as it comes in contact with 
the atmosphere, it absorbs from it the additional quantity of oxygen, 
neoessary tb convert it into nitrous acid gas. And, if I now remove 
the bottle entirely from the water, so as to bring at once tli^e whole 
of the gfas in contact with ihe atmosphere, Uiis conversion, ViJU ap»- 
pear Bt;£ more ftr^kinfif. 

- Bmit^y Look, Caroline, the whole capacity of the bottle is i^^ 
stantly tinged of an orange color ! 

3fr«. ^., 7bus you see, it is the mo8|t easy process, imafinftble to 

*To procure nitrous air, put vito a retort sptme filings, or sb»it- 
iogs of copper, on which pour nitric acid, dilated with fbor o^ fiVt 
parts of watOT ; then apply the heat of a lamp, and receive tfte gie 
m the usaal way, over water. — C. 

M8. Why does not mtroos aeid aet moie poweifidly oh some iikiam- 
mable enbstanoes than nitric acid ? 
d49. How can nitrous air, or nitric oxyd gas \m oMiiiwdf 

960. How can this gas b# ^iM^ved ? 

961. How pan nitrons currd gas be e<Mivefto*iiite'illtk«F«#<lrflid gti ? 

19* 
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eooviMrt nitrous oasyd gas^ into nUrous add g-as. The propeTty of 
attracting oxygen from the atmosphere, without any elevation of 
temperature, has occasioned this gaseous oxyd heing used as a test, 
for ascertaining the de^ee of purity of the atmosphere. lam 
going to show you how it is apphed to this purpo8e.-*-You see this 
mduated glass tube which is closed at one end, ^see fig. 30,) I 
* first fill it with water, and then introduce a certam raeasoie of 
nitrous gas, which, not being absorbable by water, passes throogk 
ht, and occupies the upper part of the tube. I must now add radier 
above two thirds of oxygen gas, which will just be sufficient to 
convert the nitrons oxyd gas into nitrous acid gas. 

Caroline. So it has ! — ^I saw it turn of an orange color: but it 
Immediately afterwards disappeared entirely, and the water, you 
Me, has risen, and almost filled the tube. 

Mrs.. B^ That is ^because the acid gas is absorbable by water, 
and in proportion as the gas impregnates the water, the latter rises 
in the tube. When the oxygen gas is very pure, and the required 
proportion of nitrous oxyd gas vevy exact, the whole is absorbed by 
the water ; but if any other §as be mixed with the oxygen, instead 
of combining with the nitroi|s oxygen, it will remain and occupy the 
upper part of the tube : or if the gases be not in the due proportioD, 
there wiU be a residue of that which predominates. Sefore we 
leave this subject, I must not forget to remark that nitrouA acid may 
be formed by dissolving nitrous oxyd gas in nitric acid. This solu- 
tion may be effected simply, by making bobblea of okious x>xyd 
gaspaas through nitric acid. 

limfy. That is to say that nitK^ten at its highest degree of 
oxygenation,, being mixed with nitrogen, at its. lowest degree of 
oxygenation, will produce a kind of intermediate substance, which 
is mtrous aeid. 

Mrs, B. Yoii have stated the &ct with great precision. — ^rheie 
MX9 various other methods of preparing nitrous o;Xyd, and of obtain- 
ing it from compound bodies ; but it is not necessary to enter into 
these paiticHlars. It remains iai me only to mentieo another curi- 
ous modification of oxygenated nitrogen, which has. been distin- 
guished by the name of gaseous oa:tfd of nitrogen. It is but lately 
wat this gaa has been accurately examined, and its properties have 
been investi^ted chiefiy by Sir H. Davy. It has obtained also the 
iome of ejthHarating gas^ from the very singular property which 
that gentleman has discovered in it, of elevating the anmial apiritsy 
when inhaled into the lungs, to a degree sometimes reseou>lin^ 
delirium or intoxication. 

Car^Hne,. It is respirablo:, then ? 

Mrs, B, It can scarcely be called respirable, as it woiild not sup- 
port life for any length of time ; but it may bo breathed for a few 
moments without any other efi^ts, than the singular exhilaration of 
^urita I have joat mentioned. It affects diflfereot people, however, 
in a very difi*ei:ent manner. Some become violent,, even outrageous, 

968. On what pcinciple can nitrous air be applied, to lest \kd puMy 
of the atmosphere ? 
96a Whatistheprooetti? 

9m. By what other name is the exhilarating «ui called ^ 
^ 9Bf, And, why is U called oxhilantiiig gis7 
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others experience a languor attended with faintness; but moBtiigree 
in opinion, that the sensations it excites are extremely pleasant. 

CaroUne, I thought I should like to try it — ^how do you breathe it? 

Mrs. B. By collecting the gas in a bladder, to which a short tube 
with a stop-cbck, is adapted ; this is applied to the mouth with one 
hand, whilst the nostrils are kept closed with the other, in order, 
that the common air may have no access. You then alternately 
inspire and expire the gas till you perceive its effects. But I can- 
not consent to your making the experiment; for the nenres are 
sometimes unpleasantly affected by it, and I. would not run any 
risk of that kind. 

EmUy. I should like, at least, to see somebody breathe it ; but 
pray by what means is this curious gas obtained ? 

Mrs, B. It is procured from nitrat of ammonia,* an artificial salt, 
which yields this G^as on the application of a gentle heat. I have 
pat some of the salt into a retort,, and by the aid of the lamp, th^ 
gas will be extracted. — 

Caroline. Bubbles of air begin to escape through the neck of the 
retort into the water apparatus ; will you not collect them ? 

Mrs. B. The gas that first comes over need not be preserved, as 
it consists of little more than common 'air that was in the retort; 



*To make nitrate of ammonia, take some nitric acid, or aqua 
fortis — dilute it with four or five quarts of water ; put it into a shal- 
low earthen dish, and throw in pieces of carbonate of ammonia, 
until the efiervescence ceases. Evaporate about one third of the 
liqaor by a gentle heat, and set it away to cr3rstallize. The crystals 
are long strained prisms. To procure the nitrous oxide or exkHara- 
ting gas, and to try its effect by respiration, the following simple 
apparatus may be used, where a better is not at hand. Put some 
nitrate of ami^ionia into an oil flask, having first fitted to it a cork, 
and glass tube, bent so as to go under the receiver in the water 
bath. . Then app]y the gentle heat of a lamp. 

For a receiver, fill a large jug with wat», and invert it in the 
water bath ; having fitted to the jug a cork, having two holes made 
through it with a burning iron ; into one of these holes put a glass 
tube open, at both ends, and nearly long enough to reach the bottom 
of the juff . Provide a large bladder furnished with a short tube tied 
to it. When the jug is nearly filled with the gas, remove and set it 
uprightly passing the hand under its mouth — ^then put in the cork 
and tube, JLhe other opening in the cork being closed. When you 
wish to breath<e the s^as, take the stopper out of the cork, and pass 
in the tube attached to the bladder. Then by means of a small 
tunnel, pour water into the jug .through the Ions tube, until it drives 
oat gas enough to fill the bladder. Mrs. B. describes the manner 
of breathing it. 

Caution. — Let the gas stand an hour or two over water before it 
is breathed.— O. 

956. How is this gas breathed ? 

957. How is Uiifl gas obtained ? 

958. Wken do chemical decomposiHtms and eowdrimOUna take ptae$f 
iuriiur the formatum of tkis gas Jrom nUrate of ammomaf 

959. l/natcoMHon 19 necessary h^lgreUUhreoAedf 
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Besides then is always in this experiment, a qnafttity of watety 
Taper which must come away belbre the nitrous oxyd appears. 

Jinih/, Watenr vapor ! W hence does that proceed ? There is no 
water in nitrat or ammonia ! 

Mrs. B. Yon must recollect that there is in every salt a quantity 
•f water of ciystallization which may he eva{>orated by heat alone. 
But, besides this, water is actually generated in this experiment, as 
you will see presently. First tell me, what are the constituent 
parts of nitrat of ammonia ? 

Emihf. Ammonia, and nitric acid ; this salt, therefore, contains 
three different elements, nitrogen knd hydrogen, which produce the 
ammonia; and oxygen, which, with nitrogen, forms the acid. 

Mrs. B. Well th^i, in this process the ammonia is decomposed . 
the hydrogen quits the nitrogen to combine with some of the oxy- 
^n of the nitiic acid, and forms with it the watery vapor which 
IS now coming over. When that is effected, what will yoa expect 
to find ? 

Emily. Nitrous acid instead of nitric acid, and nitrogen instead 
of ammonia. 

i|fr«. B. Exactly so : and the nitrous acid and nitrogen combioe 
and form the gaseous 0x31^* of nitrogen, in which the proportion of 
oxygen is 37 parts to 63 of nitrogen. 

lou may have observed, that for a little while no bubl^Ies of air 
have come over, and we have perceived only a stream of vapor 
condensing as it issued into the water. — ^Now bubbles of air again 
makq theit appearance, and I imagine that by this time aB the 
watery vapor la come away, and that we may begin to collect the 
gas. We may try whether it is pure, by filling a phial with it, and 
plunging a taper i|i it — ^yes, it vnll do n^w, for the taper bums 
brighter than m the common air, and with a greeniish flame. 

CaroHne. But how is that ? I thought no gas would support com- 
busl^a but oxyg«n or chlorine. 

Mrs. B. Or any gas that contains oxygen, and is ready to yield 
$t, which, is the case with this in a considerable degree ; it is not, 
therefore,, surprising that it should accelerate the combustion of the 
taper. 

X ou see that the gas is now prod need in great abundance ; we 
shall collect a large quantity of it, aofd I dare say that we shall find 
some of the famil^r who will be curious to make> the experiment of 
respiring it. Whilst thi^s process is going on, vro may take a gen- 
eral survey of the most important combinations of the oitrie and 
sitrons acids with the alkalies. 

The first of these is nitrat of potash, commonly called nitre, or 
MoU-petre. 

Caroline. Is net that ^ salt with which gunpowder is made ? 

Mrs. B. Yes. Gunpowder is a mixture of five parts of nitrat td 
•00 of salphur and one of chaa*coa].^-Niti;e, from its great propoi^ 

960. What are constituent parts of nitrat of ammonia? 

061 . Whahds the process of making nitrous omAef 

062. How is the easeoas oxide of nitrogen formed H 

963. How can it be determined wh^n it la puee ? 

964. What is the common name of aitrat of potsaki . 

965. Of what is gunpowder nud»? 



AND NITBOUS ACIDS^ SB9 ' 

tion o£ oxygen, and firom the facility with which it yields it, it is the 
bans of the most detonating compositions. 

Emily. But what i^ the cause of the violent detonation of gunr 
powder when set on fire ? 

Mrs, B. Detonation may proceed from two canses ; the sudden 
formation Or destruction of an elastic fluid. In the first case, when 
either a solid or liquid is instantaneousl;]^ converted into an elastic 
fluid, the prodigious and sudden expansion of the body strikes the 
air with gre^t violence, and this concussion produces the sound call- 
ed detonation. 

Caroline. That I comprehend very well j but how can a similar 
eflfect be produced by the destruction of a gas ? 

Mrs. B. A gas can be destroyed only by condensing it to a liquid 
or solid state ; when this takes place suddenly, the gas, in assuming 
a new and compact form, produces a vacuum^ into which the sur- 
rounding air rushes with great impetuosity ; and it is by that rapid 
and violent motion that the sound is produced. In all detonations, 
therefore, gases are either suddenly formed or destroyed. In that 
of gunpowder, can you tell me which of these two circumstances 
takes place ? 

Emily. As gunpowder is a solid, it must, of course, produce th& 
gases in its detonation ; but how I eannot tell. 

Mrs. B. The constituents of gunpowder, when heated to a-cer- 
tain degree, enter into a number of new combinations, and are in- 
stantaneously converted into a variety of gases, the sudden explo^ 
sion of which gives rise to the detonation I 

Caroline: And in what instance does the destraction or condensa- 
tion of gases produce detonation ? I 

Mrs. B. I can give you one with which you are well acquainted ; 
the sudden combination of the oxygen and hydrogen gases. 

Caroline. True; I recollect perfectly that hydrogen detonates 
with oxygen when the two gases are converted into water. 

Mrs. B. But let us return to the nitrat of potash. This salt is 
decomposed when exposed to heat, -and mixed with any combusti- 
ble body, such as carbon, sulphur, or metals, these substances oxy- 
dating rapidly at the expense of the nitrat. I must show you an in- 
stance of this. I expose to the fire some of the salt in a small iron 
ladle, and when it is sufficiently heated, add to it some powdered 
charcoal : this will attract the oxygen from the salt, and be con^ 
verted into carbonic acid. i 

Emily. But what occasions that crackling noise, and those vivid 
flashes that accomp§,ny it ? 

Mrs. B.. The rapidity with which the carbonic acid gas is formed, 
occasions a succession of detonations, which, together with the 
emission of flame, is called deflagration. 

\ Nitrat of ammonia we have already noticed, on account o£ the 
gaseous oxyd of nitrogen which is obtained from it. 

966. Why is nitre the basis of most detonating compositions ? 

967. What is the pause of the detonation ofgunpowdery when fire 
is set to it ? 

968. What causes the detonation when a gas is destroyed ? 

969. In what instances does the destruction or condensation of gases 
produce detonation ? 

970. When is the nitrat of potash decomposed ? 
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Nkna cf gUeer, is -the Itmar eanstie, so remarkable finr Hs de^ 
•troying animsd fibre, for whiek purpose it is ofien used by but* 
^feoiis. We have said so much on former occasions, on the mode 
in which caustics act on animal matter, that I shall not detain yoo 
anT longer on this- subject. 

We now come to carbonic acid, which we have already had 
many opportunities of noticing. You recollect that this acid may 
be formed by the combustion of carbon, whether in its imperfect 
Btate of charcoal, or in its purest form of diamond. And it is not 
necessary, for this purpose, to burn the carbon in oxygen gas, as we 
did in the preceding lecture ; for you need only light a piece of 
charcoal, and suspend it under a receiver on the water bath. The 
charcoal will soon be extinguished, and the air in the receiver will 
be found mixed with carbonic acid. The process, howler, is 
much more expeditious if the combustion be perfoitned in pure oxy- 
gen gas. 

OaroHne, But how can yon separate the carbonic acid, obtained 
m t^is manner, from the air with which it is mixed ? 

Mrs, B. The readiest mode is to introduce under the receiver a 
quantity of caustic lime, or caustic alkali, which soon attracts the 
whole carbonic acid to form a carbonaf. The alkali is found in- 
creased in weight, and the volume of the air is dindnished by a 
quantity equal to that of the carbonic acid which was mixed with it. 

Bnmf. rny, is there no method of obtaining pure carbon from 
caarbonic acid ? 

Mrs. B. For a long time it was supposed that carbonic acid was 
not decompoundable ; but Mr. Tennant discovered,- a few years ago, 
that this acid may be decomposed by burning phosphorus in a closed 
vessel with carbonat of soda or carbonat of lime : the phosphorus 
absorbs the oxygen from the carb9nat, whilst the carbon is separat- 
ed in the form of a black powder. This decomposition, however, 
is not affected simply by the atraction of the phosphorus for oxygen, 
since it is weaker than that of charcoal ; but the attraction of the 
alkali or lime for the phosphoric acid unites its power at the same 
time. , 

Carolme. Cannot we make the eiperiment > 

Mrs. JB. Not easily ; it requires being performed with extreme 
nicety, in order to obtain any sensible quantity of carbon, and the 
experiment is much too delicate for me to attempt it. But there 
Qan be no doubt of the accuracy of Mr. Tennant's results ; and all 
chemists now agree that one hundred parts of carbonic acid gas 
consist of about twenty-eight parts of carbon to seventy-two of oxy- 
gen gas. But if you recoUedt, we decomposed carbonic acid gas, 
8ie other day, by burning potassium in it. 

Caroline. True; so we did; and found the carbon precipitated 
en the regenerated potash. 

Mrs. B. Carbonic acid gas is <found very abundantly in nature; 
it is supposed to form about one thousandth part of the atmosphere; 

971. What is nitrat of silver ? 

972. What gas is produced by the burning of charcoal In oxygen 
gas? 

973. How is carbonic acid formed ? 

w^' w**^ ^°^ *'*° carbon be obtained from carboiuc acid ? 
qJc ^^^^PO'^on of the atmosphere does this gas form.' 
976. How is the carb9mc acid gas in the atmosphere produced ? 
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md m ooBStaatly prodaeed by the 7e8|>irati0n ofuimals; it caists 
in a great variety of eon^inations, t^nd is exhaled fzom maoy ihUh 
lal deoompositions. It is contained in a atate of nreat pimty is , 
eertaia eayes, soeh as the Grotto del Cane, near Naples. 

JEnufy, I reeoUect having read an acconoi of that f^rotto, aod of 
the cruel experiments made on the poor dogs, to gratify the caskm^ 
ity of steoffeire* But I undexatood that the vapor exhaled hy the 
cave was called fixed air. 

Mrs. B. That is the name by which oaffbome acid was known 
before its chemical composition was discovered. This gas is more 
destructive of life than any other ; and if the poor animals that are 
submitted to its effects are not plunged into cold water as soon as 
they becilme senseless, they do not recover. It extinguishes flame 
instantaneously. I have collected some in this glass, which I wiH 
pour over the candle.* 

Caroline. This is extremely singular — ^it seems to extinguish the 
light as it were by enchantment, as the gas is invianble. I never 
should have imagined that gas <;ould have been poured like a liquid. 

Mrs, B, It can be done with carbonic acid only, as no other g«e 
is suflleiently heavy to be susceptible of being poured out in the 
atmospherical air, without mixing with it. 

JSfmfy, Pray by w^at means did you obtain this gas ? 

Mrs, B. I procured it from marble. Carhonic add gas has so 
strong an attraction for all the alkalies and alkaline earths, that 
these are always found in nature in the state of o^rbonats. Ooai<- 
hioed with lime, this acid forms chalk, which may be con«dexed as 
the barns of all kinds of marbles, and calcareous stones. From these 
substanees carbonic acid is easily separated, as it.adheres so slight^ 
ly to its combinations, that th^ carbonate are all decomposable by 
any of the other acids. I can easily show 3roi^how I obtained this 
gas; I poured some diluted sulphuric acid over pulverized marUe 
in this bottle, (the same which we used the other day to prepare 
hydrogen gas,) and the sas escaped through the tube connected 
with it ; the operation still continues, as you may perceive*— 

Emiiy. Yes, it does; there is a ^at fenaeotation in the glass 
vessel. What singular commotion is excited by the sulphuric acid 
tsJdng possession m the lime, and driving out the carbome acid ? 

Car^KM, JBut did the carbonic acid exist in a gaseous state in 
tbe marble? 

Mrs, B. Certainly net; the acid, when in a atate of oombinaK 
tion, is capable of existing in a s<^d form. 

C$T9Mine> Whence, then, does it obtain the. eaferic neeessaiir to 
convert it into gas ? 

* Merely pomiaff it over a candle vrill net eKfingmih it; Pot a 
short meoe of candle or taper, into the bottom of a deep ftmniileB, 
and then pour in the gas, and the fame goes, out aa quickly as 
though you poured in water.-— O. 

977. By what name was this known befoce its chemical fion^p(»si- 
tion was discovered ^ 

978. By what means is this mj$ pj^ured for e;iper]meQt ? I 

979. Of what is chalk formed ? 

960. What \m the basis of all kinds of marble wad oalcaAMMiearttA? 
Ml. HQv«tf|yi^bomcj;eidhex^uaoe4;&f>mmivAi^? 
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Jt^. B. It may be sapplied in this case from the miztnre of ttd- 
phuric acid and water, which produces an evolation of heat, erea 
greater than is required for the purpose ; since as you may per- 
oeive by touching the glass vessel, a considerable quantity of ths 
caloric disengaged becomes sensible. But a supply of caloric may 
be obtained also firom a diminution of capacity for heat, occasioned 
by the new combination which takes place ; and, indeed, this mort 
be the case when other acids are employed for the disengagement 
ofearbonic aoid gas, which do not, like the sulphuric, produce heat 
on beins- mixed with water. .Carbonic acid may likewise be dis- 
engaged from its combinations by heat alone, which restores it to 
its gaseous state, x 

QtroUne. It appears to me very extraordinary that the same gas 
which /is produced by the burning of wood and coal should exist 
also in such bodies as marble ana chalk, whidi are incombustible 
substances. 

Mrs, B. 1 will not answer that objection, Caroline, because I 
think I can put you in the way of doing it yourself. Is carbonic 
add combustible ? 

CaroUne, Why, no— because it is a body which has been already 
burnt;* it is carbon only, and not the acid that is combustible. 

Mrs. B, Well, and what inference do you draw from this ? 

OoaroUne, That carbonic acid cannot render the bodies with whii^ 
it is united combustible ; but that simple carbon does, and that it i» 
in this elementary state that it exists m wood, coals, and a great va- 
riety of other combustible bodies. Indeed Mrs. B., you are veiy 
ungenerous ; you are not satisfied with convincing- me that my ob- 
jections are frivolous, but you oblige me to prove tnem so myself 

Mrs. B. You must confess, however, that I make amf^e amends 
lor the detection of error, when I enable you to discover the truth. 
You understand, now, I hope, that carbonic acid is equally produced 
by the decomposition of ch^, or by the combustion of charcoal, 
liiese processes are certainly of a very different nature ; in the first 
case, the acid is already formed, and requires nothing more than 
heat to restore it to its gaseous state ; whilst in the latter, the add 
is actually made by the process of combustion. 

OaroUne. I understand it now^ perfectly. But I have just bcM 

thinking of another dilBlculty, which I n<^, you will excuse my 

* jsot being able to remove myself. How does the immense quanti^ 

' of calcareous earth, which is spread all over the globe, obtain the 

carbonic acid with which it is combined? 

Mrs. B. The question is, indeed, not very easy to answer ; but 1 

* Not humt in the common acceptation of the word. The earbon 
is already united to oxygen, and therefore has no affinity for it. In 
the artificial production of carbonic acid, the carbon is burnt.— 4). 

. 963. Whence does carbonic acid obtain the caloric necessaxy to eoD^ 
tert it into tnm ? 

983. Will carbonic acid render a body combustible .' 
^964. It might be thought that carbonic acid could not be obtained 
pom substances so unlike as chalk and carbon— how is this obieotion 
answered .' 

965. How do the processes of obtaining carbonic acid firom the de- 
oompontion of chalk, and the e<Mnbustion of charcoal, diflfer? 
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coneeive lihat th^e general carbonization of ealcareons matter may 
have been the efleet of a general combostion* occasioned by some 
reYolution of our globe, and nrodncing an immense supply of car- 
bonic acid, with which the calcareous matter became imj^regnated ; 
or Ui8t this may have been efiected by a gradual absorption of cat^ 
bonic add from the atmosphere. Bat this would lead us to discus- 
sions which we cannot indulge in, without derialing too much from 
our subject. 

Emibf. Hew does it happen that we do not {>erceive the perni- 
cious effects of the carbonic acid which is floating in the atmos- 
phere ? 

Mrs, B,- Because of the state of the very great dilution in which 
it exists there. But can you tell me, £kniiv, what are the sources 
which keep the atmosphere constantly supplied with this acid ? 

Emify. J supiSose the combustion of wood, coals, and other sub- 
stances that contain carbon. 

Mrs. B, And also, the breath of animals, 

Caroline, The breath of animals ? I thought you said that the 
gas was not at alt respiraWe, but <m the contrary, extremely pOH 

BOnOQS. 

Mrs, B, So it is ; but although animads cannot breathe in carbo- 
nic acid gas, yet in the process of respiration, they have the power 
of forming this gas in their lungs ; so that the air which we expire, 
or reject from the lungs, always contains a certain p»roportion of 
carbonic acid, which is much greater than that which is commonhf 
found in the atmosphere. 

Caroline, But what is it that renders carbonic acid such a deadly 
poissn? 

Mr*. B, T%e manner in which this gas destroys life, seems to 
be merely bv preventing the access of rec^pirable airs ^ carbonic 
acid gas, unless very much diluted with conrnion air, does not pene- 
trate into the lungs, as the windpipe actually contracts and refuses 
it admittance. — ^But we must dismiss the subject at present, as we 
shall have an opportunity of speaking of respiration much more 
fully when we come to the chemical fonotions of animals. 

Emify, Is carbonic add as destructive to the life of vegetables as 
it is to that of animals ? 

Jk6rs. B. If 9, vegetable be completely immersed in it, I beKen)' 
it generally proves 6tal to it ; but mixed in certain proportions with 
atmosphencal air, it is, on the contrary, very &vorable to vegetar 
tion. 



* This idea is at random. We cannot account for the origin of 
carbonic add in its native state, any better than we can for oxygen. 
It cannot be th^ product of combustion, since it existed before the 
growth of combustible materials. — C. 

9^. How does marble and oalcareooa earth obtain its great quantity 
of carbonic acid ? 

967. Why do we not eiperienoe the femicioasefl^tB of the oarboMfte 
Mid in the atmosphere? 

988. How is the atmosphere supplied with this acid ? 

969. Whyiseaibonieaeidgasdestriiotive toanioiallifr? .' 

990. What e&et does it have on vegetatioo ? 
90 
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Yon lemraibef , I snppoae, oar meotioniiig the mineral watan^ 
both natural and artificial, which contain caihoBic add gas? 

Carokne, Yon mean the Seltzer water ? 

Mrs. B. That ie one of those which are moet used ; there aie, 
howeyer, a yariety of others into which carbonic add enters as aa 
ingredient ; all these waten are usually distingoiehed by the naae 
of acidulous or foseous mineral xoaters. 

The class of salts called caHfonats, is the most nomerons in 
nature ; we must pass oyer them in a yery cursory nuinner, as the 
subject is fiir too eztensiye for us to enter on it in ^taiL The slats 
of carbonat is the natural state of a vast number of minerals, and 
particularly of the alkalies and alkaline earths, as they haye so 
great an attraction Sot the carbonic acid, that they are almost at 
, ways found combined with it ; and you may recollect that it is only 
by separating them from this acid, that they acquire caustidty and 
those striking qualities which I haye formerly described. AH 
marbles, chi&s, shells, calcareous spars, and limestones of every 
description, are neutral salts, in which lime, their common basis, 
has lost all its characteristic properties. 

EmUy, But if all these yarious substances are formed hj the 
union of lime with carbonic add, whence aiises their diversity of 
fonn and appearance ? 

Mrs. B. Both, from the different proportions of their componeirt 
Pjurts, and from a variety of foreign ingredients which may occa- 
sionally be blended with them; the vems and colors of marbles, 
for instance, proceed from a mixture of metallic substances ; silex 
and alumine also frequently enter into these combinations. The 
yarious carbonats, therefore, which I have enumerated, cannot be 
eonsidered as pure and unadulterated neutral salts, although they 
certainly belong to that dass of bodies. 



cohtersation xix. 

Cdl TSC 901ACIC, FLVOaiC, MURIATIC, AND OXTGSNATKD MURIATIC 
ACIDS ; AKD OH M URIATS. — eH IODINE AND IODIC ACID. 

Mrs. B. We now oome to the three remaining adds with simple 
Dases, the compound nature of which, though long suspected, has 
been bat recently proyed. "Hie chief of these is the muriatiG ; bat 

SQL What aM the waters called, into which this gaa enters as m 

ingredient? 



What are the salts formed by the add of this gaa? 

!>9ft How extenaiye is this class of salts, and under what ferms do 
they chiefly oocur in nature ? 

•SM. IT ttbe k the ooramon %asis of marbles, ehalks, sMls, ealesie- 
ous span, and limestones, why is there such a diversity in iMr Cbltt 
and appearance ? - 

906. Fkom wlliil dli^^tte VdiuraBd eelon ef msi«e pieoeed .^ 
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t shall first describe the two others, as their bases have been ob- 
tained more distinctly than that of the muriatic ^id. 

Yoa may recollect I mentioned the boracic acid. This is 
foand rery sparingly in some parts of Europe, but for the use of 
manufactures we have always received it from the ^remote country 
of Thibet, where it is found in some lakes, combined with soda. 
It is easily separate^ from the soda by sujphuric acid, and appears 
in the form of shining scales, as you see here. * 

Caroline. I am glad to meet with an acid which we need not be 
afraid to touch ; for I perceive from your keeping it in a piece of 
paper, that it is more mnocent than our late acquaintance, Uie sul- 
phuric and nitric acids. 

Mrs. B. Certainly; but being more inert, you will not find its 
properties so interesting. However, its decomposition, and the 
orilliant spectacle it aifords when its basis again unites with oxy- 
gen, atones for its want of other striking qualities. 

Sir H. Davy succeeded in decomposing the boracic acid, (which 
had till then, been considered as undecompoundable,) by various 
methods. On exposing this acid to the Voltaic battery, the posi- 
tive wire gave out oxygen, and on the negative wire was deposited 
a black substance, in appearance resembling charcoal. This was 
the basis of the acid, which Sir H. Davy has called Boradum or 
Boron. . 

The same substance was obtained in more considerable quantities 
by exposing the acid to a great heat in an iron ^un barrel. 

A third method of decomposing the boracic acid consisted in burn- 
ing potassium in contact with it m vacuo. The potassium attracts 
the oxygen from the acid, and leaves its basis in a separate state. 

The recomposition of this acid I shall show you by burning some 
of its basis which you see here, in a retort full of oxygen gas. The 
heat of a candle is all that is requii'ed for this combustion. 

Bimily. The light is astonishingly brilliant, and what beautiful 
sparks ii throws out ! 

Mrs. B. The result of this combustion is the boracic acid, the 
nature of which, you see, is proved, both by analytic and synthetic 
means. Its basis has not, it is trae, a metallic appearance ; but it 
makes very hard alloys with other metals. 

Emily. But pray, Mrs. B. for what purpose is the boracic acid 
used in manufactures ? 

Mrs. B. Its principal use is in conjunction with spda, that is, in 
the state of borat of soda, which in the arts is commonly caUed 
borax. This salt has a peculiar power of dissolving metallic oxyds^ 
and of promoting the fusion of substances capable of being melted ; 
it is accordingly employed in various metallic arts; it is used, for 
example, to remove the oxyd from the sur&ce of metals, and is often 
enmloyed in the assayizig of metallic ores. 

Let us now proceed to the FiiUORic acid. This acid is obtained 
from a substance which is found frequently in mines, and particu- 

996. Where is the boracic acid obtained ? 

997. What is the composition of borax.' 
996. What is the basis of this acid ? 

999. For what purpose is the boracic acid used in manufactures ? 
1000. From what is the fluoric acid obtained ? 
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kriy in those of Derbyshire, called floor, a name which it asqdzej 
.from the circumstance of its being uised to render the ores of metab 
more fluid when heated. 

Caroline.. Pray, is not this the Derbyshire spar, of which so-manj 
•rnaments are mside I 

Mrs. B. The same ; but though it has long been employed roia 
icariety of purposes, its nature was unknown until Scheele, the great 
Swedish chemist^ discovered that it consisted of lime united with a 
peculias acid, whieh obtained the name of fluoric acid. It is easily 
separated from the lime by the suFphuiic acid, and unless condensed 
in watery ascends in the form of gas. A very peculiar property of 
this acid, is its union with siliceous earths, which I have already 
mentioned. If the distillation of this acid is performed in glass 
vessels, they are corroded, and the siliceous part of the glass comes 
over, united with the gas ; if water is then admitted, part of the 
aHex ii9 deposited, as you may observe in the jar. 

Caroline, I see white flakes forming on the surface of the water; 
is that silex ? 

Mrs^R, Yes, it is. This power of corroding glass has been used 
for engraving, or rather etching upep it. The glass is first covered 
with. » coat of wax^ through which tfie figures to be engraved are 
to be* scrajbcbed with a* pin ; then pouring the fluorie acid, over the 
wax, it corrodes the glass where the scratches have been made. 

Caroline, I should like to have a bottle of this acid to make en- 
gravings.* 

Mrs, B, But you could not have it in a ghus Bottle ; for in that 
Case, the acid would be saturated with sOex,. and insapable of eze^ 
cutin^ an engraving ; the same thing would happen were the acid 
kept m a vessel of porcelain or earthen ware ; this acid must there- 
fore be both prepared and pieserved in vessels, of silver. 

If it be distilled from fluor i^ar and vitriolic acid, in silver or lead- 
en vessels, the receiver being kept very cold during the distillatioD, 
ft assumes the form of a dense fluid, and in that state is the most in- 
tensely corrosive substance-known. This seems to be the acid com- 

♦ A bottfe of fluoric acid is not easily obtained. To make etch- 
ings on glass, first cover the glass with a thin coat of bees wax.— 
This is done by warming it over a lamp, and passing the wax over 
the surface. Then make the drawing by cutting through the wax, 
^uite down to the glass. 'To do the etching in the sma& way, take 
ft lead or tin cup, and on the bottom place £U)out a table spoonful of 
pulverized fluor spar, and on this pour sulphuric acid enough to 
moisten It — ^place the glass on the cup as a cover, with the side to 
be etched downward — ^then set the cup in warm water, or warm the 
bottom over a lamp, taking care not to meh the wax. In 15 or 20 
minutes or more, the etchmg will be done. In this way, drawings 
are easily and beautifully made on glass.; — C. 

4 I ■ , , , ,, I.I.I — 

1001. Prom what does it derive its name? 

1002. By what other name is this aeid called ? 

1003. Of what does it consist? 

1004. What singular effect does it have on glass? 

1005. Haw could you describe the method of etching on glass ? 

1006. In what kind of vessels may it be preserved? 



liiiied with a W^ water. It^av be called hydrq/ktoric add; and 
Sir H. Dayy has been ted, from late experiments on the subject, to 
conaidsr ]fure fluoric acid as a compound of a certain unknown prin- 
ciple, which he calls fluorine y with hydrogen. 

Sir H. Davy has aJeo attempted to decompose the fluoric acid by 
burning potassium in contact with it ; but he has not yet been able 
by tiiia ovany other method, to obtain its basis in a distinct separate 
state. 

We shall conclude our account of the acids with that of the mu- 
HiATtc ACID, which is, jperhaps, the most curious and interesting of 
all of them. It is found in nature combined with soda, lime, and 
magnesia. Muriatofsoda is the common sea salt; and from this 
substance the acid is usually disengaged by means of the sulphuric 
acid. The natural state of the muriatic acid is that of an iovisible 
permanent gas, at the conmion temperature of the atmo^here ; but 
It has a remarkable strong attraction for water, and assumes the 
form of a whitish doud whenever it meets any moisture to combine 
with. This acid is remarkable for its peculiar and very pungent 
smell, and possesses, in a powerful degree, most of the^cid proper- 
ties. Here is a bottle containing muriatic acid in a liquid state. 

Caroline, And how is it liquefied ? 

Af^5. B. By impregnating water with it : its strong attraction for 
water makes it very easy to obtain it in a liquid form. Now, if I 
open the vial, you may observe a kind of vapor rising from it, which 
is mariatic add gas, of itself invisible, but made apparent by com- 
bining with the moisture of the atmosphere. 

JSmikf» Have you not any of the pure muriatic acid gas ? 

Mrs, B, This jar is full of that acid in its 'gaseous state — ^it is 
inverted over mercury instead of water, because, being absorbable 
by water, this gas cannot be confined by it. — ^I shaD now raise the 
jar a little on one side, and suffer some of the gas to escape. You 
see that it inunediately becomes visible in the form of a cloud. 

HfUb/, It must be, ne doubt, from its uniting with the moisture 
of the atmosphere, that it is converted into this dewy vapor. 

Mrs, B, Certainly : and for the same reason, that is to say, its 
extreme eagerness to unite with water, this gas will cause snow to 
melt as rapidly as an Intense fire. 

This acid proved much more refractory, when Sir H. Davy at»- 
tempted to decompose it, than the other two uodecomposed acids. 
It is singular that potassium will bum in muriatic acid, and be con- 
verted into potash, without, decomposing;^ the acid, and the result of 
this oombustioa is a muriat qf potash; wr the potash as soon as it is 
regenerated, combines with the muriatio acid. 

CBFoUae. But how can the potash be regenerated if the muriatiG 
add does not ozydate the potassium ? 

. Mrs. B, The potassium in this process, obtains oxygen from the 
moisture with which the muriatic acid is always combined,, andr 9^ 

1007. What did Sir H. Davy caU th«i add ? i 

1006. Where is muriatic add found ? 

1009. What is the natural sUte ? 

1010. How is it liquefied ^ 

1011. How can this gas be confined wiihont a mevcnrial Mth ? 

1012. What efiect^wiil muriatic gas haye on snow I 
10L3. Why will it mslt snow ? 
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ooidinglj, h^rdxogen, resulting fiom the deoompoahion of tiie wmB- 
ture, IB uiTanablv evolved. 

linUy. Bat why not make these experiments with dry mniiatie 
acid? 

Mrs. B. Dry acids cannot be acted on by the Voltaic battery, be- 
cause adds are non-conductors of electricitv, unless moistened. In 
the course of a number of experiments, whic^ Sir H. Davy made 
upon acids in a state of drjrness, he observed that the presence of 
vater appeared always necessary to develQ9>e the acid properties, so 
that acids are not even capable of reddening vej?etable blues if they 
have been carefully deprived of moisture. This remarkable cir- 
cumstance led him to suspect, that water, instead of oxygen, may be 
the acidifying principle ; but this he tlirew out rather as a conjee- 
tare than as an established point. 

Sir H. Davy o|)tained vesy curious results frdm bumiBg potassi- 
um in a mixture of phosphorus and muriatic acid, and alw of sul- 
phur and. muriatic acid; the latter detonates with great violence. 
All his experiments, however, failed in presenting to his view the 
basis of the muriatic acid, of which he was in search ; and he was 
at last induced to form an opinion respecting the nature of this acid, 
which I shall presently explain. 

Endbf. Is this acid susceptible of differeoi degrees of ox3rgenation ? 

Mrs. B. Yes ; for though it cannot be deoxygeoated, yet we may 
add oxy^n to it. 

Carobne. Why, then, is not the least deflree of oxygenation of 
the acid called the muritauSf and the hi^er decree the murUk 
acid? 

Mrs. B. Because, instead of becoming,, like other ackls^ Hiore 
4ense, and more acid by an addition of oxygen, it is rendered, oa the 
contrary, more volatile, more pungent, but less acid, and less, ab- 
sorbable by water. These circumstances, therefore, seem to indi- 
' eate the propriety of making' an exception to the nomenclature. 
The highest degree of oxygenation of thiaacid has. been distinguish- 
ed by the additional epithet ot oxygenated, or, for the sake of oreri- 
tjr, ooy, so that it is called oxygejuUed or axy-nvuriatiic add. This 
likewise exists in a gaseous form, at the temperature of the atmoe^ 
phere ; it is also susceptible of being absorbed by watear, andean be 
QonffeaJed, or solidified, by a.certain degree of cold. 

jSnubf. And how do you obtain the oxy-muriatic acid ? 

Mrs. B. In various ^ways ; but it may be most conveniently ob- 
tained by distilling liquia muriatic acid over oxyd of manganese, 
which supplies the acid with the additional oxygen. One part of the 
acid being put into a retort, with two parts of Uie oxyd of manga* 
8, and the heat of a lamp applied, the gas is soon disengaged, and 



1014. Why cannot dry acids be acted on by the Voltaic battery ? 

1015. What is the basis of muriatic acid ? 

1016. Is this acid capable of combining with diflferent proportions of 
oxygen? 

1017. Why is not the least degree of oxygenation called the mori- 
tovu wd ? s 

101& What is the highest degree of oxygenation of this acid oaOed ^ 
1919. How is the oxy-muriatio acid ootamed i 
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may be receiYed otot water, as it is bat sparingly absorbed by it. 
I have collected some in this jar — ^ 

Caroline, It is not invisible, Uke the generality of gases ; for,.it is 
of a yellowish color. 

Mrs, B, The muriatio acid extingaishes flame, whilst, on the 
contrary, the oxy-muriatic makes the flame larger, and gives it a 
dark red color. Can yon account for this difference in the two 
acids ? 

EmUy, Yes, I think so ; the mnriatic acid will not supply tbe flame 
with the oxygen necessary for its support ; but when this acid is 
further oxygenated, it will part with its additional quantity of oxy- 
gen, and in this way support combustion.-^ 

Mrs. B, This is exactly the case ; indeed the oxygen added to 
the muriatic acid, adheres so slightly to it, that it m separated by 
mere exposure to the sun's rays. This acid is decomposed also by 
combustible bodies, many of which it bums, and actually inflames, 
without any previous increase of temperature. 

Caroline, That is extraordinary, indeed ! I hope you mean to in- 
dulge us with some of these experiments .' 

Mrs. B. I haye prepared several glass jars of oxy-muriatic acid 
gas for that purpose. In the first, we shall introduce some Dutch 
gold leaf.— i)o you observe that it takes fire ? 

Mhnify, JYes, mdeed it does — how wonderful it is ! It became im^ 
mediately red hot, but was soon smotheied in a thick vapdr. 

Caroline, What a disagreeable smell ! ^ 

Mrs. B, We shall try the same experiment with phosphorus in 
another jar of this acid. You had better keep your handkerchief to 
your nose when I open it — ^now let us drop into it this little piece of 
phosphorus — 

Caroline. It burns really ; and almost as brilliantly as in oxygen 
gas ! But what is most extraordinary, these combustions talce place 
without the metal or phosphorus being previously lighted, or even 
in the least heated. 

Mrs. B. AM these curious efiects are owing to the yery great fa« 
cility with which this acid yields oxygen to such bodies as are 
strongly disposed to combine with it. It appears extraordinary in- 
deed to see' bodies, and metals in particular, melted down and in- 
flamed by a gas, without any increase of temperature, either of the 
gas or of the combustible. The phenomenon, however, is, you see, 
well accounted for. 

JEmifyf Why did you bum a piece of Dutch gold leaf rather than 
a piece of any other metal ? 

Mrs. B, Because, in the first place, it is a composition of metals 

* Breathing only a few bubbles of the gas is attended with bad — 
sometimes with dangerous consequences. The young chemists, 
therefore, had better not undertake to make it.-— C. 

f According to this new theory of chlorine, as will be explauned 
at the end of this eonyersation, this combustion is effected m con- 
sequence of the union of chlorine (or oxy-muriatic acid) with the 
hydrogen of the combustible body. 

1090. Why will the muriatic acid extinguish flame, and oxy*muri* 
atic acid make it larger, giTiog it a dark red color ? 

1081. Why will some combostible bodies bom in this acid without 
any pieyioas incieise of temperature ? 



(•OQsMngK difa% of oopiMT) whioh burns leadily ; jkbA i vae a tUa 
metallic leaf in preference to a lump bf metal, because it ofhsB U 
the action of the gas bat a small quantity of matter ondet a kige 
surface. Filings, or shavings, would answer the purpose nearly it 
well ; but a lump of metal, though the surface would oxydata with 
gveat rapidity, would not take ^e. Pure gold is not inflamed hj 
oxy-muiiatic acid ^, but it is rapidly ozydated, and dissolved by 
it ; indeed, this acid is the only one that wiU dissolve gold. 

Emify. This, I suppose, is what is commonly ^called aqum regvty 
which you know is the only thing that will act upon gold. 

Mrs, B. This is not exactly the case either ; for aqua regis is 
composed of a mixture of muriatic acid and nitrio acid. But^ in 
fiict, the result of this mixture is the formation of oxy<muhatic 
acid, aa the muriatic acid oxygenates itself at the expenso of the 
nitric ; this mixture, therefore, though it bears the name ol Tutn- 
muriatic addj acts on gold merely in virtue of the oxy-muriattc acid 
which it contains. 

Sulphur, volatile oils, and many other substances, will bum in the 
same manner in oxy-muriatic acid gas ; but I hare not prepared a 
sufficient quantity of it, to show combustion of all these bodies. 

Caroline, There are several jars of the gas yet remainihg. 

Mrs,B, We must reserve these for future experiments. "pM 
oxy-muriatic acid does not„ like other acids, redden the blue veffe- 
table colors ; but it totally destrojrs all color, and turns vegetables 
perfectly white. Let us collect some vegetable sqjbstanoes ta put 
mto this glass, whioh is full of gas. 

Emily ^ Here is a sprig of myrtle— 

Caroline, And hers some colored papef — 

Mrs, B, We shall allto put in this piece of scarlet riband, and a 
rose — 

EmUy, Their colois begin to fade immediately. But how does 
the gas product this efiect ? 

Mrs, B,. The oxygen combines with the coloring matter of these 
substances, and destroys it ; that is to say, destroys, the property 
which these colors had of reflectinfr only one kind of rays, and rea- 
ders them capable of reflecting them all, which, you know wUl 
make them appear white. Old printa may be cleansed by this acid, 
UnE the paper will be whHened without injury to the impression, as 
printer's ink is made- of materials (oil and lamp fa^k) which are 
not acted on by acids. 

This property of the oxy-ixuiriatio acid has lately b^a em];doyed 
in manufactures in a variety of bleaching processes ; but for these 

Surposes, the gas must be dissolved io water, as the acid is thus rsn- 
ered much milder and less powerful in its eflTects ; ^ in a gaseous 

1022. By what acid is gold oxydated and dissolved ? 

1023. Why does a mixture of nitric and muriatic acids dissolve goM^ 
when neither of them will do it alone? 

1024. What effect does the oxy-muriatic acid have on vegelsUft 
eolors.' 

1025. Why does it produce this efl^ct? 

1026. Why is it, that the paper of old prints maiy be deaaao^ bj this- 
seid, without any injury to the impression ? 

1027. Of what use is the oxy^moriatic acid in l■anuftctale•^ 
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State, it would destroy the texture, as well as the color of the siib^ 
stance submitted to its action. 

Caroline, Look at the things which we put into the gas ; they 
have now entirely lost their color ! 

Mrs, B. Thfe effect of the acid is almost completed ; and if we 
were to examine the quantity that remains, we should find it to 
consist chiefly of muriatic acid. 

The oxy-muriatic acid has been used to purify the air in fever 
hospitals and prisons, as it burns and destroys putrid effluyia of 
every kind. The infection of the small-pox is likewise destroyed 
by this gasr, and matter that has been submitted to its influence will 
no longer generate that disorder. 

Caroline. Indped, I think the remedy must be nearly as bad aa 
the disease ; the oxy-muriatic acid has such a dreadfully saflfi)cating 
smell. 

Mrs, B. It is certainly extremely offensive : but by keeping the 
mouth shut, and wetting the nsstrils with liquid amn^pnia, in order 
to neutralize the vapor as it reaches the nose, its preiudicial effects 
may be in some degree prevented. At any rate, however, this 
mode of disinfection can hardly be used in places that are ihhabited. 
And as the vapor of nitric acid, which is scarcely le^ efficacious 
for this purpose, is not at all prejudicial^ it is usually preferred on 
such occasions. 

Caroline, You have not told us yet what is Sir H. Davy's new- 
opinion respecting the nature of muriatic acid to which you alluded 
a few minutes ago^? 

Mrs. B. True : I avoided noticing it then, because you could' 
not have understood it without some previous knowledge of the 
oxy-muriatic acid, which I have-^but just introduced to your ac- 
quaintance. 

Sir H. Davy's idea is, that muriatic add, instead of being a com- 
pound consistiftg of an unknown basis and oxygen, is formed by 
the union of oxy-muriatic s^as with hydrogen. 

Emihf, Have you not told us just now that oxy-muriatic gas waa 
itself a compound of muriatic acid and oxy^n ? 

Mrs. B. Yes'; but according to Sir H. Davjr's hypothesis, oxy- 
muriatic gas is considered as a simple body, which contains no oxy- 
gen — as a substance of its Own kind, which has a great analog te 
oxygen in most of its pro^^erties, though in others it dijffers entirely 
frona it. According to this view of the subject, the name of oxy- 
muriatic acid can no longer be proper^ and tnerefore. Sir H. Davy 
has adopted that o^ chlorine or chlorine gas, a name which is simply 
expressive of its greenish color; and in compliance with that phi- 
losopher's theory, we have placed chlorine in our table among the 
siniple bodies. ^' 

Qxroline, But what was Sir H. Davy's reason for adopting an 
opinion so contrary to that which had hitherto prevailed ? 

Mrs, B, There are many circumstances which are favorable to 
the new doctrine ; but the clearest and simples^ fact in its support is, 
^ r-" 

1028. For what medicinal purpose has it been used i 

1029. How may the inconvenience of the oxy-muriatic acid be pre- 
vented ? 

1030. What does Sir H. Davjr suppose muriatic acid tobe ? 

1031. Why is oxy-muriatic acid lately called chlorine ? 



Am if hjf^ooipn gM and ozy-moiiatie m be mixed togetber, botft' 
these ffaees disappear, and muriatic acia gas is fonned. 

JBn&f. That seems to be a complete proof; is it not consiileted 
as perfectly conclnsiTe ? 

Mrs, B. Not so decisiTe as it appears at first si^ht ; because it » 
ar^ed by, those who still incline to the old doctrme, that muriatic 
acid gas, however dry it may be, always contains a certain quantity 
of water, which is supposed essential to its formation^ So that, in 
the experiment just mentioned, this water is supplied by the union 
of the hydrogen gas with the oxygen of the oxy-muriatic acid; and 
therefore the mixture resolves itself into the base of muriatic acid 
and water, that is, muriatic acid gas. 

Caroline, I think the old theory must be the true one ; for othei^ 
wise how could you explain the formation of oxy-muriatic gaa^ from 
a mixture of muriatic acid and oxyd of manganese ? 

Mrs. B, Very easily ; you need only suppose that in this process 
the muriatic aeia is decomposed ; its hydrogen unites with the o^- 
gen of the manganese to form water and the chlorine appears in its 
separate state. 

EmUy, But how can you explain the various combustions which 
take place in oxy-muriatic gas, if you eonsider it as eontaixiing no 
oxygen; 

Mrs, Bi We need only suppose that combustion is the result of 
intense che mieal action ; * (so th^ chlorine, like oxy^n, in com- 
bioing with bodies, forms compounds which have less capacity lor 
caloric than their constituent principles, and, therefore, caloric is 
enrolved at the moment of their combination. 

Emily. If, then, we may explain every thing by either thetary, to 
which of the two shall we give the preference ? 

Mrs. B. It will perhaps, be better to wait for more decisive 
prpo&, if such can be obtained, before we decide positively upon 
the subject. The new doctrine ha£ certainly gained ffroand v^ 
rapidly, and may be considered as generally established; but a few 
competent judges will refuse their assent to it, and until that theory 
is established beyond all doubt, it may be as well for us. still occa- 
aieoally to use the language to which chemists have long been 
accustomed. But let us proceed to the examination of salts formed 
by muriatic acid. 

Among the cmnpound salts formed by muriatie acid the tnuriat 
of soda, or common salt, is the most interesting.! The uses and pro- 

* '* Intense chemical action," neither e^wlains the process, nor 
indeed conveys to the mind any definite idea. The views of Sir 
H. Davy on the composition of"^ chlorine, are combatted by many 
of the first chemists in England, as well as in.this country. The 
inquisitive reader may become acquainted with the grounds of dis- 
pute on both sides by referring to Cooper's edition of Thompson's 
ohemistry.— C. 

t According to Sir H. Davy's view of the mature of the muiiatie 
ana oxy-muriatic acids, dry muriat of soda is a compound of sodium 

103& What axe the reasons for supposing that chlorine is not a sim- 
ple sabstance ? 

/1033. How are the. combustions in ojy-muriatio acid explained, if it 
does not contain azygen ? 

1034. fVhtUig said on the subject in the neter 



MiiieB of iUft sak are too well known to fotfidfe itttcli 

Besides the pleasant flavor it impaits to the food, if is very wfaoh»* 

wmie when not used to exoess, as it assists in the pnoeess of digestion. 

Sear water is the great source from which nniriat of soda is e±* 
tracted by evaporation. But it is also fonnd in kitge sohd rattses 
in the bowels of the earth, in England ^ and ia many other psito 
of the world. 

I^nify, I thought that salts, when solid, were alwa3rs in tho^ilaito 
of crystals ; but the common table salt is in dra fytnn of a Ooairse 
white powder. 

Mrs, B. Crystallization depends as you may reeoUect, on the slow 
and regular re-union of particles dissolyed in a fluid 9 common tea- 
salt is only in a state of imperfect crystallization, beeause the prooesb 
by which it is prepared is not favorable to the formation of regular 
erystals. But if you dissolve it, and afterwards evaporate the water 
abwly, yon will obtain a regular crystalUzation. 

Muriat of ammonia is another combination of this acid, which we 
have already mentioned' as the principal source firom which ammo- 
nia is derived. 

I can at once ehow you the formation of this salt by the immediate 
eomlnnation of muriatic acid with ammonia. These two glass jan 
contain, the one muriatic acid gas, the other ammoniaeal gas, both 
of which are ' perfectly invisible^now, if I mix them together, you 
see they immediately form an op«que whits cloud, like smoke. If 
a thermometcar was placed in the jar in whidi these gases are mixOd, 
you would perceive that some heat is at the same time produced!. 

Emihf, The eflfects of chemical combinations are, indeed, won^ 
derfolf — ^How extraordinary it is that two invisible bodies shonld 
become visible by their union ! 

Mrs, B. This strikes you with astonishment, beeause it is a ph^ 
nomenon which nature seldom exhibits to our view; but the most 
oeiamon of her operations are as wonderful, and it is their fre>- 
qnency only that prevents our regarding them with equal admira- 
tion. What would be more surprising, for instance, than eombv»- 
tkm, were it not rendered ^miliar by custom ? 

EmOy. That is true. But pray, Mrs. B., vthitf white eloudths 
Sidt tln^ prodsees ammonia? Mow di£feient it ia fitom the solid 
muriat of ammonia which you once showed us ! 

Mn^R, It is the same sabstaaee,whidifirat appeals in the Mate 
of «a§por, bos will soon be condensed by cooling' agaimt Uw Mm 
of the jar, in the form of very minute crystaia. 

We now proceed to the oxif-nmriats. In this class of salts' theo«^ 
murvat f^foUM^ is the most worthy of our attentton ^ fbt it» atdkhig 



and chlorine, for it may be formed by the direet eombinalisii^^OKy^ 
muriatic m and sodium. In his opinion, therefore, what we oom- 
monlt cafi nniriat of soda, contains neither eoAaWortttuiitttic and. 

•Oxy-miirtat of potaAh is prepared hy passings chlotine throujA. a 
sbhxtion of potash in water. The, procesB islonf and difllcult.-^^ 

., ^ ■11,1.1,. ■ %\m%rmtt e 

1DI35. Wnere is the muriat of soda obtrioed?* 
. 1096. On what does crystallization depend ? 
MOT. Why i»comnton salt in a s&teof 2flt^«lftdt^MYfetdiittitk«'> 
1098. Of what is the muriat irtf aiimtonia a^C tfuiM l ft flton » 
10a9« What two gases, when mixed, form mnria of a mmoni a? 
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properties. The aeid, m this state of oombinaAiDii, contains a stifi 
greater proportion of oxygen than when alone. 

' Oarohne. But how can liie oxy-mnriatic acid acquire an ineiease 
of oxygen by oombming with potash ? 

Mrs. B. It does not really acquire an additional quantity of 
oxygen, but it loses some of the muriatic aeid, which prodaoesthe 
same effect, as the acid which remains is pr(^rtionably super-oxy- 
genated* 

If this salt be mixed, and merely rubbed together with sulphur, 
phosphorus, charcoal, or indeed any other combustible, it explodes 
strongly. , 

CSroline, laifie gun-powder, I suppose, it is suddenly conferted 
into elastic fluids ? 

Mrs. B, Yes : but with this remaikable diflference, that no in- 
crease of temperatuie, any further than is produced by gea^ fric- 
tion, is required in this instance. Can you tell me what gases are 
generated by the detonation of this salt with charcoal? 

Emily^ Let me consider The oxynnuriatic acid parts with 

its excess of oxygen to the charcoal, by which means it is converted 
into muriatic acid esa ; whilst the charcoal, -being burnt by the 
oxygen, is changed to carbonic acid gas. What becomes of the 
potash I cannot tell. 

Mrs, B, That is a flzed product which remains in the vessel. 

Caroline, But since the potash does not enter into the new eombi- 
nations, I do not understand what use it is in the operation. Would 
not the oxy-muriatic acid and the charcoal produce the same efieet 
without it?.* 

,Mrs, B. No ; because chlorine (or oxy-moxiatic acid) does not 
unite with charcoal, unless oxygen be added to it, and this oxygen 
is supplied by the potash. 

I mean to show you this experiment, but I would advise you not 
to repeal; it alone ; for if caie be not taken to mix only very small 
quantities at a time, the detonation will be extremely violent, and 
may be attended with dangerous efiects. You see I mix an exoeed- 
infi^ small quantity of salt with a little powdered charcoal, in this 
Wedgwood mortar, and rub them together with a pestle^ 

Caroline. HeaPirens ! Hovf can such a loud explosion be {oodnced 
by so small a quantity of matter? , ^ 

ilfrx. B. You most eonsid^ that an extremely small quantity of 
solid substance may produce a very great volume of gases ; aad it 
is the sudden evolution of these which occasions the sound. 



* According to Sir H. Davy's new views, just explained, oxy- 
muriat of potash is a compound of chlorine with oxygen and oxyd 
of potassium. 

1040. What are the peculiar properties of 6xy-manat of potash? 

1041. Why will the ozy-muriat of potash explode if mixed and robbed 
toffether with sulphur, phosphorus, charcoal, or any other combustible 
substance ? 

1042. What gases are generated by the detonation of this salt with 
charcoal? 

1043. Whv would not the same effisct be produced by the oxy-mori- 
Atie acid and efaaiooal without the potash? 



•xT-MURtATs. V asr. 

Bmhf. Woiild sot oxy-moiiat of potash make strongei grm. 
powder than nitrat of potaah ? 

Mrs, B. Yes ; but the preparation, as well as the use of this salt, 
is attended with so much danger, ^at it is never employed for that 
puroose. 

CaroUne, There is no cause to regret it, I think ; for the pooi- 
mon gun-powder is quite sufficiently destructive. 

Mrs, B, I can show you a verjr curioos experiment with this 
salt ; but it must again be on condition that you wiU never attempt 
to repeat it by yourselves. I throw a srasJd. piece of phosphorus 
into this glass of water : then a little oxy-muriat of potash ; and 
lastly, I pour in, (by means oi this funnel, so as to bring it in con- 
tact with the two other ingredients at the bottom of the glass) a 
small quantity of sulphuric acid — 

Caroline, This is indeed a beautiful experiment! The pho»« 
phonis takes fire and burns from the bottom of the water. 

EmUy, How wonderful it is to see flame bursting out under 
water, and rising through it ! Pray, how is this accounted for ? 

Mrs. B. Cannot you find it out, Caroline ? 

Bmdy^ Stop— I think I can explain it. Is it not because the 
sulphuric acid decomposes the salt by combining with the potash, 
so as to liberate the oxy-muiiatic acid gas by which the phospnoms 
is set on fire ? 

Mrs, B, y«ry well, Emily; and with a little more reflection yoa 
woald have discovered another concurring circumstance, which is, 
that an increase of temperature is produced in the mixture of the 
sulphuric acid and water, which assists in promoting the combus- 
tioQ of the phosphorus. 

I most, before we part, introduce to your acquaintance the newly 
discovered substance, iodike, which you may recollect we placed 
ft£^t to oxygen and chlorine in our table of simple bodies. 

CaroHne. Is this also a body capable of maintaining combustion 
like oxyg«n and chlorine.' 

Mrs, B. It is ; and although it does not so generally disengage 
light and heat from inflammable bodies, as oxygen and chlorine do, 
yet it is capable of combining with most of them ; and sometimes, 
as in the instance of potassium and phosphorus, the combination is 
attended with an actual appearance of li^ht and heat. i 

CaroUne, But what sort of substance is iodine ? what is its fiirm 
lod color? 

Mrs, B, It is a very singular body in many respeeta. At the 
ordinary temperature of the atmosphere, it commonly appears in 
the form of bluish-black crystalline scales, such as you see in this 
tube. 

CktroUne, They shine like black lead, and some of the sealSB 
have the shape of lozenges. 

Mrs, B, That is actually the form which the crystals of iodme 

1044. From what may a stronger gun-powder than that now used be 
made ? « 

1045. Why is it not uied? 

1046. How may phosphorus be set on fire in water ? 

1047. Why is this eflEect produced ? 

1048. How does iodine difier from oxygen and ehloffins f 
KM9. How does iodine appear.^ 
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oAm flamne. But if we beat them gently by holding ttie taW tfnet 
the flame of a candle, see what a change takes place in them. 

OaroHne. How cations J They seem to melt, and* the tube im- 
mediately fills with the beantifnl violet vapor. Bat look. Mis. B., 
the same scales are now appeanne at the other end of the tnbe. 

Mrs. B, This is, in fact, a sablimation of iodine, from one purt 
' of the tabe, to another ; but with this remarkable pecoliarity, that 
while in the gaseons state, iodine suKames that, bnght violet color, 
which as you may already perceive, it loses as the tabe cools, and 
the substance resames<its usaal solid form. It is from thevioltt 
oolor of the ^as that iodine has obtained its name. 

Caroline, But how is this carious substance obtained * 

Mrs, B. It is found in^the ley of ashes, of sear-weeds, after the 
soda has been separated by crystallization ; and it is disengaged by 
means of sulphuric acid, which expels it from the alkaline ley in 
the form of a violet gas, which may be collected and condensed in 
the way which you have just seen. This interesting discovery was 
made in the year 18i3, by M. Courtios, a manufacturer of saltpetre, 
at Paris. 

Caroline, Aiid pray, Mrs. B,, what is the proof of iodine being 
a simple body? 

Mrs, B, It is considered ajs a simple body, both because it is not 
capable of beinff resolved into other ingredients ; and because it rs 
itself capable of combining with other bodies, in a manner anak>- 
j[oas to oxygen and chlorine. The most curious of these combina- 
tions is that which it forms with hydrogen gas, the result of which 
is a peculiar gaseous acid. 

Qxroline, Just as chlorine and hydrogen gas form muriatic acid. 
In this respect; chlorine and iodine seem to tear a strong analogy to 
each other. 

Mrs, B, That is indeed the case ; so that if the theory of the 
constitution of either of these two bodies be true, it must be tnie 
also in regard to the otlier ; if erroneous in the orre, the theory 
must fall in both. 

' Bat it is now time to conclude ; we have examined such of the 
adds and salts as I conceived would appear to you most interesting. 
I shall not enter into any particulars respecting the metallic adds, 
as they oi9fer nothing snfficiently striking for our present purpose. 



CONVERSATION TOL., 

OH fan HATimfe AlfS COMPOSITIOH OV Vti^PTABLXS. 

M^, B, t^6 have hitheho treated only of the simplest combi- 
i^ation of elements^ such as alkalies, earths, acids, compound salts, 



1060. How can you show the violet celored jns 
1051. Ffom what does iodine obtain its name? 
1053. How is ibdii&e obtained ? 
1053. Why is iodine reckoned a simple body 
1064. In wttltH»ttfi^Uo eMbHne and iodine j 
1066. What aie the simplest oombiBatiiMy of 



ttdnet, &e. afi of whacli hela^g to' the mineral kingifoiii^j ft Ib tifl 
BOW to turn our attention to a iliore complicated class of compounds, 
that of ORGANIZED BODIES, which will furnish us -with a new 
source of instruction and amusement. 

Endhf, By organized b)>dies, I suppose you mean the vegetable 
and ammal creation ? t have, however, but a very vague idea of 
the word organization^ but I have often wisheid to know more pre- 
cisely what It means. 

Mrs. ^^Organized bodies are Snch as are endowed by nature 
with various parts^ peculiarly constructed and adapted to perform 
certain functions connected vdth life.) Thus, you may observe, that 
' mineral compounds are formed by ihe simple efifect of mechanical 
or chemical atti^action, and may appear to some 'to boj in a great 
measure, the productions of <jhance : whilst organized bodies bear 
the most striking and impressive mai-ks of design, and are emi* 
nently distinguished by that unknown principle called Ufe^ from 
which the various organs derive the power of exercismg their 
respective functions.^ 

Caroline, But in what manner does life enable these organs 1;o 
perform their several functions ? 

Mrs, B. That is a mystery which I fear is enveloped in snch 
profound darkness, that there is very little hope» of our ever being 
able to unfold it. We must content ourselves with examining the 
effect of this principle ; as for the cause we have been able only to 
give it a name, without attaching any other meahing to it than the 
vag«e and unsatisfactory idea of an unknown agent. 

Oa-oUTne, And vet I think I can form a very clear idea of life. 

Mrs, B. Pray let me hear how you would define it? 

Caroline, It is, perhaps, more easy to conceive, than to express — 
let me consider — ^Is not {life the power which enables both the ani- 
mal and the vegetable creation to perform the various functions 
which nature has assigned to them .^ 

Mrs. B, I have nothing to objectAo your definition ; but you will 
allow me to observe, that you have only mentioned the effects which 
the unkfiown cause produces, without giving, us any notion of the 
cause itself. 

Emify, Yes, Caroline, you have told us what life does, but you 
have not told us what it is, 

Mrs. B. We may study its operations ; but we should puzzle 
ourselves to no purpose by attempting to form an idea of its real 
nature. ■ # > 

We shall begin with examining its effects in the vegetable world^ 
which constitutes the simplest class of organized oodies; these we 
shall find distinguished from the mineral creation, not only by their 
more eompUcated nature, but by the power which they possess 
within themselves, of forming neyr chemical. arrangements of their 
constituent parts, by means of appropriate organs. Thus, though 
all vegetables are ultimateljf composed of hydrogen, carbon, and 
oxygen, (with a few other occasional ingredients, )Uhey separate and 

1066. What are organized bodies ? 

1057. How do they differ from inorganic matter .' 

1068. What is life in its philosophical acceptation ? 

1059. What is the simplest class of organized bodies ? 

1060. Of what are vegetables mostly composed ? ^ ^^ 
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eombine these principles^ by their Tarions oii^ans, in a tfaooBMiJ 
wa^, and fornix with them, different kinds of juices and solid partsy 
which exist ready made in vegetablesy and may therefore, be oo^- 
4dered as their immediate materials. 
/^Theseare, '• * • 

iSni, Resins, 

Imtcdagey Gum Resins^ 

Sugar, Balsams, 

* Fecuia, Caoutchouc, 

Gluten, Extractive Coloring Matter, 

Fixed Oilr Tannin, 

Volatile Oa, Woody Fibre, x 

Catm^hor, Vegetable Acids, &c. y 

CaroUne. W hat a lon^ list of names \ I did notsuppose that s 
neffetable was composed of half so many ingredients. 

Mr^ B. You must net imagine that every one of these materials 
is- formed in eaeb individual plant. I only mean to say, that they 
are all derived exclusively from the vegetable kingdom. . 

ErnUt^ But does each particular part of the plant, such as the 
root, the bark, the stem, the seeds, and leaves, consist of one of thew 
ingredients only, or of several of them combined together?: 

Mrs. B, I believe there is no part of a plant which can> tie said ta 
eonsist solely of any one particular ingredient ;. a certain«i>iUBber of 
vegetable materials must always be combined for the formation of 
any particular part, (of a seed tor instance-,)? and thes^combinatioDfr 
are carried on by setsi of vessel8>,, or minute organs, which select 
firom other parts, and bring together the several principles required 
for the developement and growth of those particular parts which 
fhey- are intenaed to. fomv a^ to maintain^ 

tjmUy, And are not these- combinations always regulated by the 
laws of chemical attraction? 

Mrs, B. No doubt ; the organs of plaints cannot force principles 
to combine which have no attraction for each other : nor can they 
compel superior atteactions to yield to those of inferior power; thev 
probably/act rather mechanically, by bringing into contact sack 
principla9, and in such proportions, as wtfl, by their chemical com- 
bination, form the various vegetable products. \ 

Caroline, We may theq^onsider each of these organs as a curi^ 
ously constructed apparatus, adapted, fer the perfiiNrmance of a variety 
of chemical processes. \ 

Mrs. B.' Exactly so/ As long as the plant lives and thriy<»s, the 
earbon, hydrogen, and oxygei^,^^ (the ehief constituents of. its imme- 
diate materials,) are so balanced and connected together, that they 
are not susceptible of entering into other combinations; but no 
sooner does death take place, than this state of equilibrium is de^ 
stroyed and new combinations produced. 

1061. What are the ingredients of vegetables? 

1062. Is it to be supposed that aU these ingredients exist in a an^ 
vegetable ? 

^ 1063. And does any vegetable or any part of one oonust solely of a 
sinffle one of these, ingredients? y O 

1064. By what are tiie combinations in the vegetable kingdom rega- 

1065. ^w may the organs of plants be considered i 
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JM^. Bot why ahottid death destroy it ? f<Mr these principfee mut 
remain in the same proportions, and consequently, I should suppose 
IB the same order ot attractions ? 

Mrs, B. You must remember, that in the vejfetable, as well as in 
the animal kingdom, it is by the principle of Hfi that the or^ns are ~ 
enabled to act ;/ when deprived of that agent or stimulus, their power ' 
ceases, and an order of attractions succeeds, similar to that which 
'Would take place in mineral or unorganized matter. J 

EmtJy. It is this order of attractions, I suppose, that destro3rs the 
organization of the plant after death ; for if the same combmations 
still continued to prevail, the plant would always remain in the state 
in which it died. 

Mrs, B. And that, you know, is never the case ^plants may be 
partially preserved for some time after death, by dryidff i hat in the 
natural course of events they all return to the state of «imple ele- 
ments 1 a wi^e and admirable dispensation of Providence, by which 
dead4nant8 are rendered fit to enrich the soil, and become subser* 
vient to the nourishment of living vegetables. 

Caroline, But we are talking of the dissolution of plants, before, 
we have examined them in their living state. 

Mrs, B. Thatjs true, my dear. But I wished to give you a gen- 
eral idea of the nature of vegetation, before we> entered into par- 
ticulars. Besides, it is not so irrelevailt as you suppose to talk of 
vegetables in their dead state, since we cannot analyze theilfi with- 
out destroying life ; and it is only by hastening to submit them to 
examination, immediately after they have ceased to live, that we . 
eaQ anticipate their natural decomposition. There areftwo kinds j 
of analysis of which vegetables are susceptible ;^fir8t, that, whiclr ' ' 
separates them into their immediate materialSf^ubh as sap, resin, 
mucilage, &c. ^$econdly, that which decomposes them into their 
primitive elemeht^, as carbon, hydrogen, and oxygen. * 

Emify. Is there, npt a third kind of analysis of plants, which con* 
sists in separati/ig theii vai^ous parts, as the stem, the leaves, and 
the severad organs of the. flower ? 

Mrs, B, That, my djsar, is rather the department of the botanist; 
we shall consider these different parts of plants only, as the organs 
by which the various secretions or separations are perferB9e4 ; bill 
we must first examine the nature of these secretions. 
Crhe sap is the principal material of vegetables,) since- it containii 
the ingredients tlit nourish every *J)art of the pkH>t. The basis of 
this juiee, which Uie.root29 suck up from the.soi)^is water j this holds 
in solution the various other mgr^ients required by the several 
parts of the plant, which are. gi^uaHy secreted from thaaap b;^ tke 
oifierent organs appropriated tp that pi^rpo^e, ui it passes them ill 
drculating through the plant. 

Mucus or mucuagej is a, ve^etabl^ s.ubalaoce,, which, like all th* 
,'— — I . : j^-. 

1066. Why should death destroy ve^table combinations ? 

1U67. What is an admirably wise dispensation of Provideiice [p re-, 
gtrd to the nature of phmts ? 

1068. Of how many kinds of analysis are vegetables 8|i^fsep|ib(Q ^■ 

1069. What is the first.? 

1070. What is, the second ? 

"Mffi, What is ^ principal material of vegetablet? 
1078. What ift the basis of this juice? ' A . 
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bMn 18 secreted from the sap ; when in excess, it •zndesfiomthB 
trees, in the form of gum. ) 

CaroHne. Is that the gdhi so frequently nsed instead of paste ,or 
glue? 

Mrs. B. It i» :' afanost all fruit trees yield some sort of gum, bat 
that most oommonl^r used in the arts is obtained from a species of 
acacia-tree in Arabia, and i» called gwn araibic; k forms the chief 
nourishment of the natiTes of those parts, whp obtain it in great 
quantities from incisions which they make in the trees ^ 

Caroline, I did not know that gum was eatable. 

Mrs. B. There is an account of a whole skip's con^any being 
sayed from starring, by feeding on the cargo, which was gmn seih 
•ffal^ I should not, however, imagine, msX it would be either a 
pleasant, or a particularly eligible <&et to those who hare not, froa 
their birth, been accustomed to it. r It is, however, frequently taken 
medicinally, aod considered as verj^ nouiishing.j Several kinds of 
vegetable acids may be obtained, by particular processes, from gum 
or mucila^, the principle of which is cafied the mucous add. 

Sufar la not found in its simple state in planta^^but is always nux- 
ed with gum, sap, or other ingredients }. this saccharine matter is ti 
he met with in every vegetable^ but a|il)unds most in roots, fruits^ 
and particttlariy in tho^sugar cam.*^ 

JSbit^. If all vegetables contaiirsugav^, why is it extracted ezdo- 
siveW from the sugar-cane ? 

Juirs, jB^*''Because it is both most abundant in that plant, and 
most easily obtained from it. ) Besides, thj» sugars produced by oth- 
er vegetables diflfer a little inf their nature-. 

During the late /troubles in the West Indies^ when Europe was 
but imperfectly supplied with sugar, several attempts were made 
to extract it from other vegetaUes, and very good sugar is obtained 
from parsnipa and from carrots ; but the process was toe expeosiTe 
to carry this enterprise to any extent. 

. Qtrolme. I should thuik that sugar mig^t be- mor» easily obtain- 
ed from sweet fruits, such as figs, dates, &c. 

Mrs, B. Ptobably ; but it would be still mfOre expensive^ from 
the high price of these fruits, and it would not be exactly like com- 
mon sugar.* 

Emify. Fray, kt what manner is sugar obtained from, the^ saga^ 
cane? 



* Some foreign chemists (MM. Kiarkofi; Braeonnet, to.) hsT* 
found that if starch be boiled for a long time in water' containing 
one fortieth part of sulphuric acid, and ^pcnrateddown to a certain 
eonsistenoe, the solution of starch cencvetea, in ooolinff, into a solid 
brownish mass, which has the taste and other general properties of 
sugar. During this process, na gaa k^disengi^fed, and the add is 
not deo(»nposed. 
— — \ . 

1073. What 18 the mucilage of vegetables ? 

1074. Whai uses are made of mucilage or gum ? 

1075. In what state does sugar naturally exist? 
i~ ^ ^*^* *<^ "* most^ abound ? 
1037. If it is found in aU vegetables, why is it extnustedfiom ssfar- 
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Mrs. B.* (The juice of this plant is first expressed by passing it 
between two cylinders of iron. It is then boiled with lime water, 
which makes a' thick scum rise to the surface. The clarified liquor 
is l,et off below, and evaporated to a very small quantity, after 
which it is sufifered to crystallize by standing in a vessel, the bottom 
of which is perforated with holes, th^t are imperfectly stopped in 
order that the syrup may drain off. p The sugar obtained oy this 
process is a coarse, brown powder, commonly called raw or moist 
sugar ; it underj^oes another operation to be refined and converted 
into loaf sugar. For this purposeyt is dissolved in water, and af- 
terwards purified by an animal fiuiocalled albumen. T White of eggs 
chiefly consists of this fluid, which is also one of the constituent parts 
of blood : and consequently eggs, or bullock*s bloody are cofojaonly 
used for this purpose. 

The albummous fluid being diffused through the syrup, combines 
with all the solid impurities contained in it, and rises with them to 
the sur^e, where it forms-a thick scum ; the clear liquor is then 
agsdn e.vaporated to a proper consistence, and poured into moulds 
in which, by a confused ci^tallization, it forms loaf sugar. But an 
additional process is required to whiten it : to this effect, the mould 
is inverted, and its open base is covered with clay,, through which 
water is made to pass ; - the water slowly trickling through the sugar, 
combines with and carries off the coloring matter. 

Caroline. I am very glad to hear that the blood that is used to 
imiify sugar does not remain in it ; it would be a disgusting idea. I 
have heara of some improvements by the late Mr. Howanl, in the 
process of refining sugar. Pray what are they ? 

J(&5. B. It would be much too long to giVe you an account of the 
process in detail. But the principal improvementjf^elates to the mode 
of evaporating the syrup in order to bring it to the consistency of 
sugar J Instead of boiling the syrup in a large copper, oVer a strong 
fire, Mr. Howard carries off the water by meanai of a large air pump^ 
in a way similar to that used in Mr. LcMie's experiment for freezing 
water by evaporation ; that is, the syrup being exposed to a vacuum, 
the water evaporates quickly, with no greater heat than that of a litr 
. tie steam, which is introduced round the boiler. The air pump is of 
course of lar^e dimensions, and is worked by a steam engine. A 
g>reat saving la thus detained and a striking instance afibrded of the 
power of sconce in suggesting useful economical improvements. 

Smify, And pray, how are sugar candy and barley sugar prepar- 
ed ? 

Mrs. Jf^^andied sugar is nothing more than the regular <7ystals, 
obtained oy slow evaporation from a solution of su^ar. Barlev- 
sugar is sugar melted oy heat, and afterwards cooled m moulds or a 
spiral form. \ 

Sugar ma^ be decomposed by a red heat, and, like all other veg- 
etable substances, resolved into carbonic acid and hydrogen. TSb 
Ibrmation and the decompositicMi of sugar, afiS>rd many very inter- 
esting particulars, which we shall fully examine after naving gone 

1078. In what manner is sugar obtained from sugar-cane ? ^ 

1079. How is sugar refined or converted into loaf sugar ? 

1060. What is Mr. Howard's improvement for refining sugar r 

1061. How is sugar candy and barley sugar prepared f 

1063. How may sugar be decomposedi and whi^ is the fiodaot ? 
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thvoagh tih^ other materiak of TegetaUos. Wa thall find that iheie 
]3 reason to sappose that sugar is not Vke the othex materiab, se- 
creted from the sap hj appropriate organs ; but that it is formed by 
a peculiar process, with which you are not yet acquainted. 

Caroline, Pray, is not honey of the same nature as sugar ? 

Mrt. ^. Honey is a mixture of saccharine matter and gum^ 

Emily. I thought that honey was in some measure an aninud sab- 
stance, as it is prepared hv the bees. 

Mrs. B, It is rather collected by them from flowers, and conveyed 
to their store houses, the hives. It is the wax only that under^w» 
a real alteration in the body of the bee, and is thence converted into 
an animal substance.* 

Manna is another kind of sugar, which is united with a nauseoiu 
extractive matter, to which it owes its peculiar taste and color. It 
exudes like gum from various trees in hot climates, some of which 
have their leaves glazed by it.*^ 

The next of the vegetable xwaterials is feculas Hnis is the general 
name given to the farmaceous substance contained in aH seeds, aod 
in some roots, as the potatoe, parsnip, &m. ] It is intended by aatore 
for the first aLucnent of the young veget^le ; but that of on^ partic- 
ular grain is become a favorite and most common food of a large 
part of mankind 4 

EmUy^ You allude, I suppose, to bread, which ia mftd* of wheat 
ftour? 

Mrs. B. Yes ; the fecula of wheat contains nsIsq* anolliei vegeta- 
ble siibstajtfte which seems peculiar tojthat seed, or at least has not 
as yeti been obtained from any other.. ^This.is Wt<£en, which is of a 
sticky,^ ropj^, elastic nature ; and it is Supposedto be owing to the 
viscous qualities of this substance, that wheat flour forms a mnch 
l?eti,^ paste than, any other.* 

^iOily. Gluten by your description, must be very lik^ gum? 

Mrs. B. In. their sticky nature, they certainly have some resent 
bl^ce : but gluten is essentially different from gun^ in other poiata, 
and especially in ite being ^insoluble in watef, whilst gum, yoa 
Ijnow,* i]b extremely soluble. '^^ 

The oils contained in vegetables/^Lll consist of^hydrogen and car- 
bon in various proportions! They are of two kinds, fixed and vola- 
tile^ both of which we formerly mentioned. Pq you remember in 
what the- difference between fixed and volatile oils consiste ? 

Emily. If 1 recollect riffhtly/the fbm^r are decomposed by heat, 
whilst the latter are merely volatilized by it.) 
•« ' , / 

* It was the opinion of Huber, that the bees prepared their wax 
firom honey and sugar.. ^There is, howe-i^er, found on the leaves of 
some plants, a substance, having all the properties of wax ; and 
that bees-wax .itself is not an animal substance, is dear from ita 
analysis. — C. 

— '■ ■■ ■ ■ ■ ■ II ■ ' . I ■ . ■ i 1 ■ u a ' < W. I ■' " " " 

t083. Of what does honey consist? 

1 084. What is said of the wax of bees ? 

1085. What is manna ? 

J086. WhatisthefecttlaofvcgeUUesA 

1087. What 18 gluten? 

1088. How does gluten diflfer from gum .' 

1089. Of what do vegetable oils consist .:* 

1000. What is the dilbrence between fmA woA folatile oils? 
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Mrs. B. Very weQ. ('Fixed oil ia contained onlj^ h. tke seeds of 
pkutBylBzoej^ting in the olive, in which it is produced in, and ez- 
yteaaMi from the froit. We have already observed that seeds con- 
tain also fecula ; these two sul^tances, united with a little mucildgo, 
form the white substance contained in the seeds or kernels of plants, 
and is destined for the nourishment of the younff plant, to which the 
seed gives birth, i The milk of almonds, whicn is expressed from 
the seed of that name, is composed of those three substances. 

Emify, Pny> of what nature is the linseed ell which is used in 
painting? ^ 

Mrs. i?/It is a fixed oil, obtained from the seed of fiax. J Nut 
oil, which IS frequently used for the same purpose, is exj^lessed 
from walnuts. 

CMive oil is that which is best adapted to culinary purposes. 

CaroUne, And what are the oils used for burning ? 

Jlfr».\B. /Animal oils, most commonly; but the preference given 
to them ie owing to their being ^ess expensive ; ror vegetable oils 
burn equally well, and are more pleasant, ^ as their smell is not 



Emify, Since oil is so good a combustible, what is the reason 
that lamps so frequently require trimming ? 

Mrs, B, This sometimes proceeds from the construction of the 
konps, which may not be sufficiently favorable to a perfect com- 
bustiori ; but there is oertainly a defect in the nature of oil itself, 
which renders it necessary for the best constructed lamps to be oc- 
casionally trimmed.' . This defect arises from a portion of mucilage ' 
which it is extremely difficult to separate from the cnl, and which 
being a bad combustible, gathers round the wick, add thus impedes 
its combiiistion, and consequently disn» the %ht. . 

CaroUne. But will not cnls bum without a wicH: t 

Mrs. B. Not unless their temperature be elevated t/d five' or six 
hundred degrees ; the wick answers this purpose, as I think I 6nce 
before exp&Tned to you. ;**The oil rises between the fibres of the 
cotton by capillary attraction, and the heat of the burning wick 
yolatilizes it, and brings it successively to the temperature at which 
it is combustible.^ 

Emily. I suppose the explanation which you, have given with 
regard to the necessity of trimming lamps, applies also to candles, 
which so often require snuffing ? 

Mrs. B. I believe it does ; at least in some degree. But beside9 
the circumstances just explained, j^e common sorts of oil are not 
▼ery highly combustible, so thai' the heat produced by a candle, 
which is a coarse kind of animal oil, being msufficient to volatilize 
them completely, a quantity of soot is gradually deposited on the 
wick, which dims the li&fht, and retards me combustion. ^ 

CoTQlvne, Wax candtes, then, contain no incombustible matter, 
Bince they do not require snuffing ? 

1091. From what part of plants are fixed oils obtained.' 

1092. From what is linseed oil obtained P 

1093. What oils are best for burnin|r ? ^ 

1094. Since oil is a good combu8tik3e, what is the reason that lamp* 
require so frequent trimming ' 

i096. ^hat is the use of wicks in lamps ? 

1096. Why do candles more than lamps require trimming ? 



Mn. B( Ww i» « miifih better eonboptible than tellolt, Inlid]! 
]Mit perfed(ly 9Q, sinee it likewise contaiiiB some partaeles that an 
unfit for bi,inuiig; but when, these father round the wick, (whiek 
in « wax liffht is oomparatively snuul,) they weigh it down on one 
llidei v)d im off together with the bomt part of the wick. \ 

Caroline. As oils are such good combustibles, I wonder Urat they 
should require sp great an ekyation of temperature before they 
beein to burn \ 

mrs, B^ Though fixed oils will not ent» into actual corabiistioD, 
below the temperature of about four hundred degrees,* yet they 
will slowly absorb' oxygen at th^ coounon temperature of the atBio»< 
phere. Hence arises a variety of changes m oil» w^ch modify 
their properties in the arts. 

If oil simply absorbs and eombines with oxygen, it thickens and 
changes to a kind of wax. This change is observed to take place 
on the external parts of certain vegetables, even during their life, 
but it hq>pens in many instances that the oil does not retain all the 
oxygen which it attracts^ but that part of it combiztes with, or bttros 
the hydrogen of the oil, thus fonnin|r a quantity of water, which 
gradually goes off by evaporation. In this case, the alteration of 
the oil consists not only in the addition of a certain quantity of 
oxygen, but in the diminution of the hydrogen. These oils are 
distmguished by the name of drying oih* rLinseeJd, poppy, and not 
qils, are of this' desonption.\ 

Emily. I am well aoquamted with drying oils, as I eontmnally 
«se theni in pa^tkig. But i do not understand why the aoquisitiog 
0f oxygen on one hand, and the loss of hydrogfen on &e ether, 
should render them drying. 

Mrs. B. This, I conceive, may arise firom two reasons : either 
from the oxygen which is added being less favorable to the state of 
fiuidity than the hydrogen, which is subtracted ; or from this ad- 
ditional quantity of oxygen giving rise to new combinations, io 
consequence of which the most fluid paits of the oil are liberated 
and volatilized. 

For the purpose of painting, the drying quantity of oil is further 
increased/by adding, a quantity of oxyd of lead to it, by which 
means it n more rapidlyr oxygenated.\ 

4 The rancidity of oils is likewise ounng to their oxygenation.) In 
is case, a new order of attraction takes place, from whichra pe- 
culiar acid is formed, called the sehadc add. 

Caraliw^. Since the nature and oomposition of oil is so weU known, 
pray, could not oil be actually made, b; combining its principles? 

* This statement is too low. None of the fixed oild boil at a less 
temperature thab 6i)0 degrees, nor will they burn until converted 
into vapor ; consequently they eannot bum at a lower teB4>efatttr^ 
than 600.— C, 

1097. Why are wax better than tallow candles I 

1098. 3Yhat elevation of temperature is necessary in order to bnni 
oil? «* 

1099. What are the principal drying oils? 

1100. Why will the bzyd of lead increase the dryhig qoalily of oils? 

1101. To what is the rancidity of oil owing ? 
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Mn.B. Th«t is by it^ meatift A.n^c^m&rf mimit(mm; M 
tiieie are innamerable varieties of 6onti{)otiiid liodieiA Wnich ire ^tBA 
deeompose, although we are unable to i^ecihite th^t ingredielits. 
This, however, is not the ease with oil, as it has verf lately beeH 
discovered that it is possible to form oil by iL peeuKttr jproeesd^ fibin 
the aetion of oxygenated A^iiriatic gas on liydro-Mfbdhate.* 

We now pass to the\^kuile or essefOUtl oi&,\ Tliese forth the 
basts of all the vegetable perfumes j&nd are (sontaftied, itlore 61r liMW, 
in every part of the plant excepting the seed ^ they are, at leMt, 
never round in that part of the seed which ^ntams the embryo 
plant. ' V ^ ; ^ 

Emih/, The smell of flowers/then, proceeds from volatile oil ?) 

Mn, B. Certainly ; but this\iil is often mOst abundant in tne 
rind of fruits, as in oranges, lemons, &c., from which it may be 
extracted by the slightest pressure ; ft is found also in the leaves of 
plants, and even in the wood. 

CarQline, Is it not very plentiful in the leaves of mint, and of 
thyme, and all tjie sweet smelling herbs ? 

Mr$, B. Yes : remarkably so; and in geranium leaves also, nt^hicb 
have a much m<»e powerfia odor than the flowers. 

The perfumes of sandal frins is an instance of its existence ill 
wood: In short, aU ve^table odors or perfumes Site produced by 
the evaporation of particles of these volatile oils. 

Bm^, They are, I suppose, very light, and of very thin consifr^ 
lenee, since they are volatile ? 

Mn, B. They^vary very much in this respect^ som<B of them bein^ 
u thick as btttter, whilst others are as fluid ^ wi^et. In order to 
be preoared for perfumes, or essences, these oils ate first properly 
ponfiea, and then, either distilled with spirit of wine, as is the case 
with lavender water, or simply mixed with a larj^e proportion of 
water, as is often done with regard to peppermint. Irequently^ 
also, these odoriferous waters (are prepared merely by soaking the 
plants in water, and distilling) The water then comes over im- 
pregnated with the volatile oil; 

Oaroime, Such waters are frequently used tb talte spots of gi^aDfi 
sot of doth, or «ilk : how do they produce that efibci. 

Mn, BfEf combining with the substance that forms the^e stains ; \ 



^ vohctill^oik, and likewise the spirit in Whieh they are distUIed^ 
win dissolve wax, tallow, spermaceti, and resins ; if, thei^foto^ tbi 

*Hydro-ca:rbonate, id also called okJkM ^ dUmMUgg^i btt 
aoeoiim of the supposed property here &iehtiDned> But ktft> ex- 
peiiaiMitB have shown that the substance it fotms with chlorine^ ifl 
not aA oil^ lut a kind of ethery hotee it is ttfW knoWn tSiMt lM 
name of chloric ether, — C. 

■ * ' • • 1.1. , I.. I .III • - I I.,. ■ • I .,, -■■»» • > T .i. , - " | - ;■♦' ! r'^r^'" , "•-"-r-' \i - 

1109. Is th^e any known method <^ making «tl by combiniBf ilfer 

ilOS/What forn9(Ee%&i8 of vegetabte pe 

1104. In what part of the plant are the volatile or essential oils oon- 
tallied.' 
1106. From what proceeds the smell of flowers? 

1106. How are voktile oils obtained? . . - ., 

1107. Why will wateroMxed with vsfMable oils asiisi lA leiiMtkig 
•pots of giease from cloth ? 
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not proeeeds from uy of tkose saliBtaiiocto, it will ramcrve h. 
Inweto of every kind have a great aversion to peribmes, ao tint 
volatile oils are employed with saooess in musenms for the pfeao^ 
vation of stuf^ birds and other species of animals. • 

Carotine. Fray, does not the powerful smell of camphor proceed 
from a volatile oil ? 

M^s, B. Camphor seems to be a sabstanoe of its own kind, re- 
markable by many peculiarities. But if not exactly of the nme 
nature as volatile oil, it is at least very analogous to it. /Il is 
obtained chiefly from the camphor tree, a species of laurel whicb 
grows in China, and in the Indian isles, from the stem and roots of 
which it is extracted.*^ Small quantities have also been distlQed 
from thyme, sage, andnother aromatic plants ; and it is depooted 
in pretty laree quantities by some volatile oils after long standmg. 
It IS extremely volatile and inflammable. It is insoluble in water, 
but is soluble m oils, in which state, as well as in its solid form, it is 
frequently anplied to memcinal purposes. Anfongst the partiBolsr 
properties or camphor, there is one too singular to. be passed over 
m sdenoe.AIf you take a small piece of camphor, and place it on 
the surfac# of a basin of pure water, it will immediately begin to 
move round and round with great rapidity ; but if you pour into the 
basin a single drop of any odorifj^rous fluid, it will instantly pat a 
stop to this motion.% You qan at any time try so simple an expeii- 
ment ; but you must not expect that I shall be able to account for 
the phenomenon,, as nothing satisfactory has as yet been advanced 
for its explanation. 

CaroUne, It Lb very sinffular indeed; and I will certainly make 
the experiment. Pray, what are resins, which you just now men- 
tioned? 

Mrs, ByUhfij are voladle oils, thit have been acted on, and 
peculiarly modified, by oxygen\ 

Caroline. They are, thereforl, oxygenated volatile oils? 

Mrs, B. Not exactly ; for the process does not appear to consist 
so much in the oxygenation of the oil, as in the combu8ti<m of a 
portion of its hydrogen, and a small portion of its carbon. For 
when resins are artificially made by the combination of volatile oik 
with oxy^n, the vessel m which the process is pinrformed is be- 
dewed with water, and the air included within it is loaded with 
carbonic add. 

EmUy. This process must be, in some respects, similar to that 
for preparing drymg oils ? 

Mrs, B. X es ; and it is bjr this operation that both of them ao; 
quire a great degree of consiBtenoe. ^itch, tar, and tuxpentineA 
aie the mostoorainon resins; they exuae from the jmie and ur txees. ) 

* Camphor comes chiefly from Japan.^It is obtained by distilling 
the wood of the laurus campkora, or drnphm tree, with water, in 
large iron pots, with earthen caps stufl^ with straw.N. The cam- 
phor sublimes and concretes upon the straw. — C. -^ 

1106. From what is camphor obtained ? . 

1109. U camphor obtained m other plants ? ^^\'^'> 

1110. WhatiMthjimmmiluul^iJii^Mimimirilt <^ 



1110. mb<i»tA«meeft<M2i^oteatiitivt<' 

.rii* ^^^ remarkable peooHarity has eamphor ? 

1118. What amienns? 
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' Gopsl, masfie and 'firaiikkicenBei, aire also of ; this class of vegetable 
suDBtanoes.^ 

Emily, Is 4t of these lesias that the mastic and copal yarnishet 
so much, used in painting are made-? 

JIfrs. B. Yes. Diseoived either in oil oriin alcohol, resins form 
▼amasfaes. From these solutions the^ may be precipitated by war 
ter, in which they are insoluble. This I can easily show ypu. ^If 
you will pour some water into this^ glass of mastic yamish, it will 
eomlnne with the alcohol in which the resin is dissolyed, and the 
latter will be precipitated in the form of a white dond. \ 

Emily, It is so. And yet how is it that pictures ot drawings, 
yamislied with this solution, may safely be washed with water ? 

Mrs, B. As the yarnish dries, the alcohol eyaporates, and the 
dry yanush or resin which remains, not being soluble in water, will 
not be acted on by it. 

Therc'is a class of compfMind resin«,. called ^m resins Ijrhxah. are 
precteely what;th0ir same denotes, that is to say, sesins, combined 
with mucilage. Myrrh 'and assafcetida.are of this de8cription?\ 

jCaro&ne. Is it possible that a substance -of so disagreeable a 
smell as assafcetida can be formed from a volatile oil ? 

Mrs, B, The odor of yolatile oils is by no means always grateful. 
Onions and garlics derive their smell urom volatile oils, as well as 
roses and lavender. 

There is still another form under which vdatile oils present them- 
selves, which is that of balsams, /These consist of resinous juicei 
combined with a peculiar acid, called the benzoic acid, i Balsams 
appear to have been originally volatile oils,* the oxygenation of 
wluch, has converted one part into a resin, and the other part into 
an acid, which combined together, /orm a balsam ; such are the 
balsams of Peru, Tolu, &c. 

We shall now take leave of the oils and their various modift- 
cations, aad^roceed to tha next yegetable substance wlucfi ii 
<3a9ttfcAouc. ^This is a white, milky, glutinous fluid, which acquires 
consistence HUld blackens in drying, in which state it forms the 
substance with which you are so well aoquainted, under the name 
of gum elastic J 

Caroline, 1-^ suijprised to hear that gum elastic was oyer white, 
or ever fluid ! And from what vegetable is it procured ? 

Mrs. B, It is obtained from two or three different species of trees 
in the East Indies,, and South America, by making incisions in the 
stem. The juice is collected as it trickles from these incisions, and 
moulds of clay, in the form of little bottles of gum elastio, are dipped 

* This is an erroneous idea. Balsams are original and peculisv 
substances, and consist chiefly of resinous matter in a semi-floid 
state. The benzoic acid is most probably formed during the pio- 
( by which it is obtained. — C. 



1113. What mrethe most common resins ? 
ill4« ,0f 4vhat«anB mastic and copal vamithes made ? 
1115. What will be the consequences if water be pomedinlo a^aessal 
ootnnijig mastic yarnish? 
II It^. What are gum resins ? 
1U7. What ass .bsisanw? 

1118. From viflict IS caoutcbonc obtaiiinedi <> 

lUa Whataieitsnses? /' 
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iato it. A layer of this jnioe adheres to the elay and dike oa it; 
and several layers are saocessively added by repeatingr this till tlie 
bo^e is of siufiicient thickness. It is then beaten to break down 
the day which is easily shaken out. The natives of the countiies 
where this substance is produced, sometimeiraake shoes and boots 
of it by a similar process /and diey sze said^ be oKtremdy pl^s- 
ant and tervioeable, botll from their elasticity, and their odiig 
water-proof. 

The substance which comes next in our enumeration of the in- 
mediate ingredients of vegetables, is extrObtive matter, /This is.a 
term which, in a general sense', may be applied to any substance 
extracted firom vegetables, but it is more particularly undentood 
to relate to the extractive coloring matter of plants. I A great variety 
of colors are prepared from 4he vegetable kingoom, both for the 
purooses of paintingf and of dying yQll the colors called lakes aie 
of this descnption J but they are less durable than n^neral oolois, 
for by long exposure to the atmosphere, they either darken or ttun 
yellow. 

• Emily, I know that in painting the lakes are reckoned fax )^ 
durable colors than tlie ochres ; but what is the reason of it ? 
Mrs* B, The change which' takes place in vegetable cohns is 
fibivnng chiefly to the oxygen of the atmosphere slowly bumii^^hsir 
hydrogen, and leaving in some measure, the blackness of the cti- 
bon exposed.^ Such change cannot take place in ochre, which is 
altogether a mineral substance. 

Vegetable colors have a stronger affinity for animal than for 
vegetable substances^ and this is supposed to be owing to a small 
quantity of nitrogen, which they contam.lf Thus, silk a^d wonted, 
will take a much finer vegetable dye thaa Knen and cotton. 
Caroline, Dying, then, is quite a chemical process ? 
Mrs, B. Undoubtedly. The condition required to form a good 
dye is, that the coloring matter should be precipitated, or fixed, on 
ftih substance to be dyed, afid should form a compound not soluUe 
in the liquids to which it would probably be exposed. /Thus, for 
instance, printed or djred linens or cottons must be able to resist 
the action of soap and water, to which they must necessarily be 
subject in washing ; and woollens and silks should withstand the 
action of grease and acids, to which they may accidentally be 
fe^posed. I 

Oaroliris, But if tinen and cotton have not a sufllcient afiSnitjr for 
otyloring matter, how are they made to resist tne action of wasmng, 
which they always do wheq they are well printed ? 

Mrs, B, When the substance to be dyed has either no affinity 
for the coloring matter, or not sufficient power to retain h, the com- 
binailion is eflicted or strengthened, by the intervention of a third 
substance called a mordant or basis. fThe mordant must lAve a 

1190. What is the e xtractive matter of vegetables ? 

J 121. What are the colors prepared from vegetables? 

112^ To what is the change which takes ^ace in vegetable oolon 

11&. Why have vegetable colom a stronger affinity for atdraal tiMa 
lor veseUble substances ? 
Us* «r?** " lUecessary that vegetable colors be durable ? 
ua&. Wha4 are mordants atfd-tfiir uses? 
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Strong affinity both for the coloring matter and the substance dyed, 
by which means it causes them to combine and adhei^ together. J 

Caroline, And what are the substances that perform the officcn>f 
thus reconciling the two adverse parties ? , 

Mrs, B. frhe most common mordant is sulphat of alumine, or 
alam. I Oxyds of tin and iron in the state of compound salts, are 
likewse used for that purpose. 

Ttmnin is another yegetable ingredient of great importance in the 
arts j^ It is obtained chiefly from the bark of trees -, but it is fouad 
also in nut galls, and in some other regetables. ) 

Emihf. Is that the substance commonly calledron, which is used 
in hot-houses? 

Mrs. B. Tan is the prepared bark in which the peculiar sub- 
stance, tannin, is contained./ But the use of tan in hot-housesis of 
much less importance than the operation of tanning, by which skin 
is converted into leather. \ 

Ijmily. Pray, how is tnis operation performed ? 

Mrs, B, Various methods are employed for this purpose, which 
all consist in exposing skin to the action of tannin, or of substances 
containing this principle in sufficient quantities, and disposed to 
yield it to the skin. f^The most usual way is to infuse coarsely 
powdered oak bark in water, and to keep the skin immersed in this 
infusion for a feertain length of time. During this process, which 
is slow and gradual, the skin is found to have increased in weight, 
and to have acquired a considerable tenacity and impermeability to 
water* i This effect may be much accelerated by using strong satu- 
/ratiopi^f the tanning principle, (which can be extracted from bark) 
instead of employing the bark itself. But this quick mode of pre- 
paration does not appear to make equally good leather. 

Tannin is contained in a great variety of astringent vegetable 
substances, as galls, the rose tree, and wine ; but it is nowhere so 
plentiful as in bark. All these substances yield it to water, from 
which it may be precipitated by a solution of isinglass or glue, with 
which it strongly unites, and forms an insoluble compound. Hence 
its valuable property of combipin^ with skin (which consists chiefly 
of glue,) and of enabling it to resist the action of water. 

Emiiy. Might we not see that effect by pouring a little melted 
isinglass into a glass of wine, which you say contains tannin ? 

Mrs, B, Yes. I have prepared a solution of isinglass for that 
very purpose.- Do you obsei*ve the thick, muddy precipitate ? That 
is the tannin combined with the isinglass. 

Caroline, This precipitate must then be of the same nature as the 
leather? 

Mrs. B, It is composed of the same ingredients ; but the organi- 
zation and texture of the skin being wanting, it has neither the 
consistence nor the tenacity of the leather. 

1126. What substances are commonly used as mordants.^ 
11^. From what is tannin obtained ? 

1128. What are its uses ? y 

1129. What is the process of converting skins into leather, by the 
use of tanning ? 

1130. Why does tanning cause skins on being changed to leather, to 
be impervious to water P . 

1131. How does a solution of isinglass in water differ from leather ^ 



Caroline. One might suppose that men who drink Inge <|iianti- 
ties of red wine, stand a chance of having the coats of their stoin- 
aehs converted into leather, since tanhin has so strong an affinitj 
ibr skin. 

Afrs. B. It is not impossible; but that the coats of theur stomachs 
nay be, in some measure, tanned or hardened by the constant ase 
of this liquor ; but you must' remember that -where a nomber of 
tther- ehemical accents are concerned, and above aU, where life ex- 
ists, no- certain chemical inference caabe drawn. 

I must not dismiss this subiect, without mentioning a recent diir 
covery.of Mr. Hatcbett, which relates to it/ This gentleman foand 
that a substance ver^r similar to tannin, possessing all its leading 
properties, and actually capable of tanning leather, m^y be produ- 
ced by exposing carbon, or any substance containing carbonaceous 
matter, whether vegetable, animal, or mineral', to the action of ni- 
tric acid.* J 

Ozro/tn/ And is not this discovery likely to be of use to manu- 
l^tures ? 

Mrs, B, That is very doubtful , because tannin thus artifidaBy 
jjtrepared, must probably always be moreexpensive than that which 
IS obtained from bark. But the fact is extremely, eurious, as it af- 
^rds. one of those very rare instances of chemistry being, able to 
imitate the proximate principles of organized bodies.^ 

The last of the v^etable materials is xooody fibre-bn is the hard- 
est part of plants;.^ (The chief source from which tms substance is 
derived, is wood Jbiut it is also contained, more or less, in every solid 
part of the plant.^ It forms a kind of skeleton of the part to which 
it belongs, and retains its shape after all the other materials have 
disappeared .. It consists chiefly of carbon ■ united- with a small por- 
tion of 8£dt»j and the other constituents common to all vegetables. 

i}mUytlx is of woody fibre, then, that the common charcoal is 
made ? ^ 

Mrs: B. Yes. Ghartioal, as you may recollect,, is obtained from 
wood by the separation of all its evaporable parts. 

Before we take leave of the vegetable materials, it will be proper 
at least to enumerate the several vegetable acids which we either 
have had or may have occasion to mention.. I believe I formerly 
told you that their basis or radicle, was uniformly composed by hy- 
droj^ei^aud carbon, and that their difference consisted. only in the 
various proportions of oxygen which they contained. 

^* To make artificial tannin, Mr. Hatchett used 100 gfrains of cha^ 
Voal with 500 of nitric acid, diluted with twice its weight of water. 
This nuxture was heated, and then suffered to digest for two days; 
more acid was then added, and the digestion continued until the 
charcoal was dissolved. This solution being evaporated to dryness, 
leaves a dark brown mass. This is the tannin in question. Its 
taste is bitter, and highly astringent.-l-C. ^ 

1132. What discovery* was made by Mr. Hatchett? 
• 1133. How did he prepare artificial tannin f 

1134. What is woody fibre ? 

1135. Of what does it chiefly consist ? 

1136. Fpm what is charooal made ? 
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The following are the names of the Tegetable acids ; 
The Mucous acid, obtained from gum or mucilage ; 
Suberic, -**- from cork ; 

CkmtphoriCj **> from camphor ; 

Benzoic, '■ " from balsams; 

Gallic, -A< from g;all8, bark, &c.; 

Malic, ->^ from ripe fruits ; 

Citric, '^ from lemon juice J 

Oxalic, 4i from sorrel ; 

Succinic, -^ from amber ; 

Tartaraus:, -^ from tartrit of potash ; 

Acetic, -'*' from vinegar. 

They are all decomposable by heat, soluble in water, and turn veg- 
etable blue colors red. The succinic, the tartarous, and the acetous 
adds, are the ' productions of the decomposition of vegetables ; we 
shall, therefore, reserve their examination for a future period, 
rrhe oxalic acid, distilled from^sorrel/ is the highest term of vege- 
table acidification ; for, if mpre oxygm be added to it, it loses its 
vegetable nature, and is resolved into carbonic acid and water; 
therefore, though all the other acids may be converted into the ox- 
alic by an addition of oxygen, the oxalic itself is not susceptible of 
a further degree of oxygenation ; nor can it be made by any chem- 
ical processes, to return to a state of lower acidification.* 

To conclude this subject, I have only to add a few wordsl on the 
gallic acid. 

Caroline. Is not this the same acid beforo mentioned which forms 
ink, by precipitating sulphat of iron from its solution ? 

Mrs. S. Yes. Though it is usually extracted fronyfeallsAon ac- 
count of its being most abundant in that veffetable^\ub8tance, it 
may also be obtained from a great variety of plants. It constitutes 
what is called ihe astringent. principle of vegetables ; At is generally 
combined with tannin, and you will find tbat an infusion of tea, cof- 
fee, bark, red wine, or any vegetable substance that contains the 
astringent principle, will make a black precipitate with a solution 
of sulphat of iron. N 
Caroline. But pAy what are galls ? 
Mrs. B. fThey are excrescences which grow on the bark of young 

• Oxalic add may be formed artificially. Put one ounce of white 
fitter, Dowdered> into a retort, and pour on three ounces of nitric 
acid. When the solution is ove^r, make the liquor boU, and when it 
io^uires a reddish brown color, add three ounces more of nitric 
acid. Continue the boiling until tho fume? cease, and the color of 
«e liquor vanishes. Then let the liquor be poured into a wide ve»- 
^t and on cooling, white slender crystals will be formed. These 
aie oxalic acid. — C. 

1137. What are the names of the vegetable acids? 

1138. What is the composition of the baais of these acids? 

1139. What ^neral quality have all vegetable acids ? 

1140. What 18 the highest term of vegetable acidification ? 

1141. What acid is called the astringent principle of TegeHdilaft^ 

1142. From what is it usnally extracted ? 

1143. What arethe galls that yield this acid ? 
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oaks, and ai« occasioned « by an insect which wounds the bark of 
trees, and lays its egg in the aperture. The lacerated vessels of the 
tree then 'discharge their contents, and form an excrescence, which 
affi)rds a.defensiye cbvering for these eggs. I The insect, when come 
to life, first feeds on this excrescence, and sometime afterwards 
eats its way out,, as it appears from a hole which is formed in all gall- 
Buts that no longer contain an insect. (It is in hot climates only 
that strongly astringent gaU-nuts are found ; those which are ased 
ibr the purpose of making ink are brought from Aleppo.3 

Emily. But are not the oak apples which grow on the leaves of 
the oak in this country of a similar nature ? 

Mrs, B. Yes ; only they are an inferior species of gaQs, contain- 
ing^Iass of the astringent principle^ and therefore less applicable to 
UMful {ftirposes. 

Caroline, Are the vegetable acids never found but in their pnxe 
uncombinedstate h 

J(lr5..£l»l(By. no means ;^n the contrary, they are frequently met 
with in the state of compound salts ; these, however, are in geneiai 
not fiilly saturated with the salifiable bases, so that the acid predom- 
inates ; and in this state they are called acidulous salts. Of this 
kind is the salt called cream of tartar. 

Caroline, Is not the salt of lemon j..oonmionly used to take out ink 
spots and stains, of this nature ? 

Mrs, ^. No ; that salt consists of oxalic acid combined with a 
little potash. It is found in that state in sorref. 

Caroline, And pray how- doe& it take out ipk spots ? 

Jifrx. B. toy umting with the iron, and. rendering it soluble in 
water. ' ^ 

Besidfesthe vegetable materials which W6. have enumerated, a 
varietur of other sobstancea^ common to the three kingdoms, are 
found in vegetablesf«uch as potash, which was formerly supposed 
to belong exclu»vely to plants^ and was^. in. consequence, called 
Tegetable alkali. ; 

Sulphur, phosphorus, earth&,.and a variety, of metallic oxyds, aie 
also found in vegetables, but only in small quantities. And we 
meet sometimes with neutral salts, formed b}L the combination, of 
these ingredients. 



CONVERSATION XXI. 

OV TRK SECOMPOSITIOir OF VEGETABLES. 

OaroUne, Tbe aecovnt which you have given us, Mrs. B., of the- 
materials of v€getablea,.is, doub&ess, very instructive ; but it does 

1144. In what climates are strosgly aatrinfirent gaU-nots found ? 

1145. Are the vegetable acids, nevsc found but m their pure unoon 
tnned state? 

1146.^ .How does the oxalic acid remove ihK.8|^ts ? 
1147. What subatan^es conmioa tb the three kinffdoms are foimdi» 
vftfetaUfls.? ^ 
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not completely satisfy my curiosity. I wish to know how plants 
obtain the principles from which their varioas materials are fonned ; 
by what means these are concerted into vegetable matter, and how 
they are connected with the life of the plant. 

Mrs, B. This implies nothing else than a complete history of the 
chemistry and physiology of vegetation, subjects on which we have 
yet bat very imperfect notions. Still I hope that I shall be able m 
some measure, to satisfy your curiosity. But, in order to render 
the subject more intelligible^ I must fi»t mal^e you, acquainted vrith 
the vanbus changes which vegetables undergo, when the vital power, 
no longer enables them to resist the common laws of chemical at> 
traction. 

(The composition of vegetables being more complicated 4haa that 
of minerals, the former more readily undergo chemical changes 
than the latterj for the greates the variety of attractions, the more 
easily is the eauilibrium destroyed, and a new order of combina- 
tions introducea. 

Emily, I am surprised that yegetables should be so edsily suscep- 
tible of decomposition ; for the preservation of the vegetable idngdom 
is certainly far more important than that of minerals. 

Mrs,.JB. You must consider, on the other hand, how much more 
easily the former is renewed than the latter.. The decompositioQ 
of the wgetable takes place only/lifter the death of the plant,jiirhich, 
in the common course of nature, happens when it has yielded fruit 
and seeds, to. propagate its species, if, instead of thus finishing its 
career, each plant was to retain its form and vegetable state, it 
would become a useless burden to the earth and its inhabitants. 
When vegetables, therefoie, cease to be- productive, they cease to 
live^ and nature then begins her process of decomposition, in order 
ta resolve them into their chemical constituents Aydrogen, earbon 
and oxygen ;'^hose simple and primitive ingredients, which she 
ke^ in store for all her combinations. 

Emily. But 'since no system of combination, can be destroyed, 
except by the establishment of another order o£ attractions, how 
can the decomposition of vegetables reduce them to their simple - 
elements ? 

Mrs, jB.( It is a very long process, during which a yariety of new 
combinations are successively established, and successively destroy- 
ed^ but, in. each of these changes, the ingredients of vegetable 
matter tend; to unite in a more simple order of compounds, till thej 
are at length, brought to their elementary state, or, at least, to their 
most simple order of combinations. J; Thus you will find that yegor 
tables are in the end aloKMSt entirely reduced to water and carbonic 
acid : the hydrogen and carbon dividing the oxygen between them 
so as to form vrith it these two substances. But tne variety of inter- 
mediate combinations that tal^e place daring the several stages of 

1148. Why do yegetables more readily undergo chemical changes 
than mioerau ? 

1149. When do yegetables Beeome deeonposed P- 

1150. Into what are yegetables reduced by decomposition ?. 

1 l&i . Sinoe no system of combination cut be destroyed/ezcept by the 
tstabHshment of another order of attractions, hew oan the deoomposi- 
tion of vegetables reduce them to their simple elements ? 
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the decomposition of Tegetables, present os with a^new set of com- 
pounds, well worthy of our examination. 

Caroline, How is it possible that vegetables, while putrefying, 
should produce any thing worthy of ob^rvation ? 

Mrs, B, They are susceptible of undergoing certain change^ 
before they arrive at the state of putrefaction, >vhich is the final 
term of decomposition ; and of these changes we avail ourselyes 
for paiticular and important purposes. But, in order to make yoa 
understand this subject, which is of considerable^ importance, I 
must explain it more in detail. 

The decomposition of vegetables is always attended by a violent 
internal motion, produced by the disunion of one order of paitides, 
and the combination of another. This is caUedrrKRscsirTATioKJ 
There are several periods at which this process stops,, so that i 
state of rest appears to be restored, and the new order of compounds 
faurly established. But, unless means be used to. secure these new 
combinations in their actual state, their duration will be but tran- 
sient, and a new fermentation will take place, l>y which the com- 
pound last formed will be destroyed ; and another, and less complex 
will succeed. 

Emily. The fermentations, then Appear to be only th« successive 
steps by which a vegetable descends to its final dissolution.^ 

Mrs, B. Precisely so ; your definition is perfectly correct* 

Caroline, And how many fermentations, or new arrangements, 
does'^ar vegetable undergo before it is reduced to )j& simile ingi^ 
dients ? 

Mrs, B^ Chemists do not exactly agree in this point ; but there 
are, I thinkyfour distinct fermentations, or periods,]at which the 
decomposition of vegetable matter stops and changes its coarse. 
But every kind of vegetable matter is not equally susceptible of 
itndergoing all these fermentations. 

There are like\vdse several circumstances required to produce fer- 
loentation. /Wate;*, and a certain degree of heatleire both essential 
to this process, in order to separate the particles; and thus weaken 
their force of cohesion, that the new. chemical afilnities may be 
brought into, action. 

Caroline, In frozen climates, then, how can the spontaneous de- 
composition of vegetables take place ? 

Mrs, B, It certainly cannot ; and accordingly^, we find scarcely 
any vestiges of vegetation where a constant frost prevaOs. 

Caroline, One would imagine that, on the contrary, such spots 
would be covered with vegetables ; for since th^y cannot be decom- 
posed, their number must always increase. 

Mrs. B, But, my dear, heat and water are auite as essential to 
the formation of vegetables, as they are to their decomposition. 
Besides, it is from the dead vegetables, reduced te. their ekment^ry 
principles, that the rising generation is supplied with sustenance. 
No young plant, therefore, can grow, unless its predecessors con- 
tribute both to its formation and support; and these not only furnish 

1182. What is the prooeis called^ that disonitet and decomposes thft 
•femeats of velgetables ? 

1153. What are the fermentat^oM f 

ttKK* H?'' Jttany kinds of feriaeDtation are there.' 

1165. What is aeoessury to produce fermentatioa? 



the seed' irom which the new plant springB, but likewise the* food 
bf which it 16 noarished. 

Caroline^ Under the torrid zone, therefore, where water is nev^ 
frozen j and the heat is very great ^ both the processes of vegetation 
and of fermentation must, I sapjpose, be extremely rapid ? 

Mrs. B. Not 80 much as you miagine {^for in such climates great 
part of the water which is requifred tor these processes is in an aeri- 
fi>nn state, which is searcdy more conducive either to the ^wtk 
or formation of vegetables than that of ice.^ In those latitudes^ 
therefore, it is only in low, damp situations, sheltered by woods 
from the sun's raysy^that the smaller tribes of vegetables can grow 
and thrive during the dry season, as dead vegetables seldom retain 
water enough to produce fermentation, but are, on the contrary^ 
soon dried np by^the heat of the sun, which enables them to resist 
that process ; so thai it is not till the fall of the autumnal rains< 
(which are very violent in such climates,) that spontaneous fer- 
mentation can take place. 

The several fermentations derive their names{from their principal 
products. j (phe first is called the saccharine fermet^ian^ because' 
Its product IS aw^flr.N • * 

Caroline, But sugar, you have told us, is found in all vegetables^ 
it cannot, therefore, be the product of their decomposition. 

Mrs^ B. \V is true that(lhis fermentation is -nei^ confined to th& 
decomposition- of vegetables J)as it continually takes* place durinff- 
their life; and, indeed, this tircumstance has till lately prevented 
it from being considered as one of the feHnentations, and the forma- 
tion of sugar, whether in living or dead vegetable^ matter,^ is so 
evidently a new compound, proceeding from the destruction of the 
previous order'<$f comMnations, and essential^i to • the subsequent 
fermentations, that it is now, I beUeve, generaUy esteemed the first 
step,f or necessary preliminary to decomposition) if not an actual 
eommencement of that process. 

Caroline. I recollect your hinting to us that sugar was. supposed 
not to be secreted irom the sap, in the same manner as inucilage^ 
fecula, oU, and the other ingredients of vegetables. / 

Mrs, B. It Bsra&er from these materials, than from the sap itself^ 
that sugar is formed; and it is developed at particular periods, aa 
you may observe in fruits, which becomie sweet in ripAiing, some- 
times even after they have been gathered. Life therefore is not 
essential to the formation of sugar, whilst, on the contrary, muci- 
lage, fecula, and the other vegetable materials that are secreted^ 
from the sap by appropriate organs-, whpse- powers immediateljp 
depend on the vital principle, cannot be produced but during Ui& 
existence of that principle. 

Emily. The ripening of fruits is then their first step to destruc- 
tion as well as their last towards perfection > 

Mrs. B. Exactly. A process ansdogous to the saccharine fer- 

1167". What in the torrid zone prevents the processes of vegetation 
and fermentation from Being rapid ? 

1158. Prom what do the several fermentations derive their names ^ 

1159. Why is the first of them called a saccharine fermentation i 

1160. Why was not sugar formerly considered a fermentation? 

1161. Why is it at present considered a fermentation ? < 

1162. From what parts of vegetables is sugar formed ? 
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mentatioB takes pkoe also diiriii|^ tile cooking of c^rbun yegffyHAn. 
ThiB is the case with parsneps, carrots, potatoes, &c.( la whidi 
sweetness is developed by heat and moisture ^ and we know that if 
we carry the process a liittle farther, a more complete decomposition 
would ensue. The same process takes place also in seeds preTiow 
to their sproutmg. 

Caroline. How do you reconcile this to your theory, Mrs. B.? 
Can you suppose that decomposi^on is the necessary precursor 
of life ? 

Mrs. B. That is indeed the case. The materials of the seed 
must be decomposed, and the seed disorganized, before a plant can 
sprout from \U Seeds, besides the embryo plants contain (as we 
have already observed) fecula, oil, and a little mucilage. These 
substances are destined for the nourishment of the future plant ; bat 
they undergo some change before they can be fit for this function. 
TThe seeds, when buried in the earth, with a certain degree of 
^ moisture and of temperature, absorb water, which dilates them, 
separates their particles, and introduces a new order of attractioos, 
of which sugt^T is the product. ] The substance of the seed is thus 
softened, sweetened, and converted into a sort of \fhite, milky pulp, 
fit for the nourishment of the embryo plant. 

The saccharine fermentation of seeds is artificially produeed, for 
the purpose of making mcdt, by the following process :Hf-A qyantity 
of barley is first soaked in water fi>r two/or three days': the water 
being adxerwards drained off, the grain heats spontaneously, swells, 
bursts, sweetens, shows a disposition to germinate, and actually 
sprouts X9 the length of an inch, when the process is sti^ped by 
potting it into a kiln, where it is well dried at a gentle heat.) in thia 
state it is crisp and friable, and constitutes the ilubstance called 
maU, which is the principal ingredient of beer. 

Emily. But I hope you will tell us how malt is made into beer? 

Mr$. B, Certainly ; but I must first explain to you. the nature of 
the second fermentation, which is essential to that operation. This 
is caUed the vinous fermentation, because its product is wirue. 

Emily. How very diflTerent the decomposition of vegetables is 
' from what I had imagined ! The products of their disorganization 
appear almost superior to those which they yield during their state 
of life and perfection. 

Mrs. B. And do you not, at the same time, admire the beautiful 
economy of Nature, tvhich, whether she creates, or whether she 
destroys, directs all her operations to some useful and benevolent 
purpose ?-^It appears that the saccharine fermentation is extremely 
favorable, if not absolutely essential, as a previous step, to the vinous 
fermentation! so that if sugar be not developed during the life of the 
plant, the saccharine fermentation must be artificially produced be- 
ll 63. What process analogous to saccharioe fermentation takes place 
during the cooking of ceFtain vegetables ? 

11m. How woiud yon descriTO this fermentation in seeds prior to 
germination i 

1166. How is aaccharine fermentation exhibited in the making of 
malt ? 

- 1166. Why is the second fermentation called vinous? 

1167. Whv d^ barley resist the vinoos fermentation ontil it has 
goi}e through the saccharine ? 



&ae the TinouB iermootation can take place. Thk is the case with 
barley^ which does not yield any sugar nntii it is made into malt; 
and it is in that stale only, that it is susceptible of undergoing the 
▼inous fermentatioirby wnich it is converted into beer. 

Caroline. But if the product of the vinous fermentation is alwajs 
wine, beer cannot have undergone that process, for beer is certain- 
ly not wine. 

y&s. B, Chemically speaking, beer may be considered as the 
wine of grain. For it ts the product of thie fermentation of malt, 
just as wine is that of the fermentation of grap^j or other fruits. 

The consequence of the vinous fermentation^is the decomposition 
of the saccharine matter, and the formation of a spirituous liquor from 
the constituents of the sugar.) But in order to promote this fermen- 
tation, not only water and a certain degree of heat are necessary, 
but some other vegetable ingredients, Sssides the sugar, as fecula, 
mucilage, acids, salte^ extr^tive matter, &c., all of which seem to 
contribute to this process, and ^ive to the liquor its peculiar taste. 

Emify. li is, perhaps, for this reaspn, that wine is not obtained 
irom the fermentation of pure sug;ar ^ but that fruits are chosen for 
that purpose, as they contain not only sugar, but likewise the other 
vegetable ingredients which promote the vinous fermentation, and 
give the peculiar fl^var. I 

. M*5. B. Certainly. And you must observe, also, that the relative 
quantitjr of sugar is not the only circumstance to be considered in 
the choice of vegetable juices for the formation' of wine ; otherwise 
the sugar cane would be best adapted for that purpose, ^t is rather 
the manner and proportion in which the sugar is mixed with other 
vegetable ingredients, that influences the production and qualities 
of wine J AndAt is found that the juice of the grape not only yields 
the moift consiaerable proportion of wine, but that U likewise affords 
it of the most grateful flavor I) 

Emify, I have seen a vintage in Switzerland, and I do not recol- 
lect that heat was applied, or water added, ui produce the fermen- 
tation of theffiapes. 

Mrs, B, The oommon temperature of the atmosphere in the cel- 
lars in which the juice of the grape is fermented is sufliciently warbi 
ibr this purpose ; and as the juice contains an ample supply of water, 
there is no occasion for any addition of it. Qut when fermentation is 
produced in dry malt, a quantity of water must necessarily be added. 

Einily, But what are precisely the changes that happen duriAg 
the vinous fermentation ? 

Mrs. jB(^The sugar is decomposed, and its constituents are re- 
oombined into two liew substances ^Uie one a peculiar liquid sub- 
stance, called alcohol f or spirit of wine, which remains in the fluid ; 
the other, carbonic acid gas, which escapes diuing the fermentation. 
Wine, therefere, as I before observed, m a f en^al point of view« 
may be 6onsidered as a liquid, of which alcohol constitutes the i 



1168. What is the consequence of the vinous fermentation ? 
11^ Whai is Decesaaiy to produce this fenneniation f 
UTO. Why are grapes ohosen for wine iAsiead of pore sogir .' 

1171. What is to be considered in the choice of vegetable juiceA ^ 
4k» fonnatioa of sriae? 

1172. What are the changes that happen during the TiBous fesmfyn- 
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tial part. And the variety of strength and flavor of the dififetenft 
kinas of wine, are to be attributed* ^ the different qualities of the 
fruits, from which they are obtained, independently of the sugar. 

Caroline. I am astonished to hear that so powerful a liquid assfMiit 
of wine should be otytained from so mild a substance as sugar. 

Mrs, B. Can youtell me in what the principal difierence oonaisto 
between alcohol and sujrar ? 

CaroUne. Let me re&et r^ugar consists of carbon, hydrogen, 
and oxygen. If carbonic acid be subtracted from it, during the fo^ 
mation of dUcohol, the latter will contain less carbon and oxygen 
than sugar does: dierefore hydrogen must be the prevailing piin- 
dple of alc6bo].y 

Mrs, B. It is exactly so. And this very large proportion of hy- 
drogen accounts for the lightness and combustible property of alco- 
hol, and of spirits in general, all of which consist of alcohol variously 
modified. 

EmUy. And can sugar be recomposed from the combination of 
aloohoi und;carbonic acid ? 

Mrs. B/Uhemists have never been able to succeed in e^ctisg 
this ; but m)m analogy I should suppose sueh a recomposition pos- 
sible. ) Let us now observe more particularly, the phenomena thai 
take place during the vinous fermentation, ^t the conimenoenieDt. 
of this process, heat is evolved, and the liquor swells considerably/] 
from the formation of the carbonic acid, which is disengaged in sad 
prodigious ^quantities as would be fatal to any ;per8on who should 
unawares inspire it ; an accident which has sometimes happened. 
If the fermentation be stopp^ by putting the liquor into oarrels, 
before the whole of the carbonic acid is evolved, the wine is biisk, 
like Champagne,! from the carbonic acid imprisoned in it) and it 
tastes sweety like dder, from the sugar not being ^eompl^ly de- 
composed. 

Emily. But 1 do not understand why heat should be evolved dur- 
ing this operation. For, as there is a considenSiie formation of gas 
in which a proportionable quantity of heat must become insensible, 
I. should have imagined that cold, rather thanlieat, would have been 
produced. 

Mrs, B, It appears so on first consideration ; 'but you must recol- 
lect that fermentation/is a complicated chemical process ;'\uid that, 
durinff the decompositions and recompositions attending i^ a quan- 
tity of chemical heat may be disengaged, sufficient both to develope 
the gas, and to eflfect an increase of temperature. /When Uie wt- 
mentation is completed, the liquid cools and subsides, the efSesnw- 
dence ceases, and the thick, sweet, sticky iuice of the fruit, is coo- 
verted into a clear, transparent, spirituous liquor, called wine. ) 

EmUy. How much I regret not having been acquainted widi the 
nature of the vinous fermentation, when I had an opportunity of 
seeing the process. 

Mrs, B. You have an easy method of satisfymg yourself in that 

1173. What is the principal diffiwenee between sugar and alcohol ? 

1174. Can sugar be recomposed by the* oombinatton of sIcoIk^ aad 
earftonie acid ? 

1175. What takes place at the commencemeflU of the vnoQi ft^ 
mentation ? 

1176. Why is Champagne wine so 'bfisk? 

1177. Whalpfooeasis analogoos to the mihli^Qr wiat? 
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zdhneot by obaerneg the proeess of brewing, which in erery < 
tial circumstance, is similar to that of makmg wine, and is really a 
Tory curious chemical operation. 

Although we cannot actually make wine at this moment, it will be 
easy to show you the mode of analyzing it. This is done by distilla- 
tion. When wine of any kind is submitted to this operation, it b 
found to contain brandy, water, tartar, extractive coloring matter 
and some vegetable acids. I have put a little Port vtrine mto this 
alembic of glass, and .^ ^. 

on placing the lamp ^**o' ^"**' 

undfer it, you wiU 
soon see the spirit 
and water success- 
ively come over. 

JSmiiif, But you 
do not mention al- 
cohol amonffst the 
jtroducts of 3ie dis- 
tillation of wine ; 
and yet that is it9 
most easential in-s 
gredient. 

Mrs, B^ The air 
oohol is contained 
in the brandy which 
is now commg over 
and dropping from 
the still. Brandy is 
nothing more than 
\ 9i mixture of alco-"'"3<: 
^ hoi and water I and 
in order to obtain 
the alcohol pure, we 




must again distil it A. Alembic. — ^B. Lamp. — C. Wine, 
firom brandy. « 

Caroline, I have just taken a drop on my finger ; it tastes lilto 
strong brandy, but is without color, whilst brandy is of a deep ye|^ 
low. 

Mrs, B, It is not so naturally ; m its pure state, brandy is colof* 
less, and it obtains the yellow tint you observe, by extracting tl|e 
coloEi^g mattei(from the new oaken casks in which it is kept. J But 
if it doe9 not acquire the usual tinge in this Way, it is the custom t^ 
color the brandy in this country, artificially, with a little burnt 8^ 
gax, ia Older to give it the appearance of having been long kept. 

Otrofine. Anais rum also distilled from wine ? 

Jlfr«. B, By no means ; it is distUled firom the sugar cane, a plant 
which contains so great a quantity of suffar, that it yields more al- 
cohol than almost any other vegetable. rAfter the juice of the cm^e 
h9fi been jureased out for making sugar,, what still remains in the 
ovami cane is extracted by water, and this watery solution of WW 
19 fenneoted, and produces rum. j 

1178. When wine is diatiUed what is the Drqdaot ? 

1179. What is brandy ? -r , 



1180. From what does b|nuidy obtf^n ^ colo^^? 
i, sad how w mm dirtilM? 



1181. Ftom what, 
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The spirituous^quor called arrack i3 m & similar manner disUIIed 
from the product of the vlnoas fermentation of rice. 

J>»uy. Bu^ rice has no sweetness ; does it contain any sngai? 

Mn. B. like harley, and most other seeds, it is insipid until it 
fcas undergone the saccharine fermentation ; and this, you must le- 
eollect, is always a previous step to the yinous fermentation in thoee 
Tegetables in^ which sugar is not ahready formed. Brandy may, in 
the same maoner, be obtained from malt. 

Caroline. You mean from beer, I suppose ; for the malt most 
have previously undergone the vinous fermentatien. 

Mrs. B. Beer is not precisely the product of the vinous ferment- 
ation of malt. For hops are a necessary ingredient for the forma- 
tion of that liquor; whilst brandy is distilled from pure fermented 
malt. But brandy, no doubt, might be distilled from beer, as well 
88 from any other hquor that has undergone the vinous fermenta- 
tion ; for since the basis of brandy is alcohol, it may be obtained 
from any Uquid that contains that spirituous substance. 
' Emily. And pr^^ from what vegetable is the fkvorite spirit of 
the lower orders or the people, gin, extracted ? 

Mrs. B. The spirit (which is the same in aH fermented liquon) 
Qay^ obtained from any kind of grain ; but the peculiar flavor 
whi^ distinguishes gin, is that of juniper berries, which are distil- 
led together with the grain .\ 

I thmk the brandy contained in the wine which we are distilling, 
must, by this time, be all come over. Yes — taste the liquid that is 
now dropping from the alembic. 

Carohne. It is perfectly insipid, like water. 

Mrs. B. It is water, which, as- 1 wad telling yen, is the second 
product of wine^ and comes over after all the spirit^ which is the 
lightest part, is distilled The tartar, and extractive coloring mat- 
tpr we shall find ki a solid form, at the bottom oCthe alembic. 

Emify. They look very much like the lees of wine. 

Mrs. B. And in many respects, they are of a similar nature, for 
lees of wine consist chiefty of tartrit or potash ; a salt which exists 
in the juice of the grape, and in many other vegetables, and is de- 
veloped only by the yinous fermentation., ^iDuring this operation^ it 
is precipitated, and deposits itself on the internal surface of the cask 
in which the wine is contained.^ It is much used in medicine, and 
in various arts, particularly dyeing, under the name of cream <^ tar- 
tar, and it is from this salt that the tartarous acid is obtained. 

Carolifue. But the medicinal cream of tartar is in appearance, 
q,uite different from those dark colored dregs ; it is perfectly oolo^ 
less. 

Mrs. B. Because it consists of the pure saks only,'in its crystai- 
lized form ; whilst in the instance before us, i{ is mixed with the 
deep colored extractive matter, and other foreign ingredients. 

Emify. Fray, cannot we now obtain pure alcohol from the brandy 
which we have distilled ? 

Mps^ B. We might; but the process wouM be tedious; for in 
«rder to obtain akohol perfectly free from water,, it is necessary to 
#^til, or, as the distillers caU it, rectify it seveM times. You must 

110$S. From what, and how is gin distilled ? 
1183. YiYuX ig the origin of the cream of tartar I 
116A. Wvouk what may aloohql be obtained? 
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therefore, allow me to produce a bottle of alcohol that has been 
thus purified. This is a very important ingredient, which has many 
striking properties, besides its forming £e basis of all spirituous 
liquors. 

Emily, ^ is alcoholM stfppose, that pi^duces into^cation ? 

Mrs, B. Certainly r but the stimulus and momentary energy it 
pives to the system, and the intoxication it occasions when taken 
m excess, are circumstatnces not yet accounted for. 

Caroline, I thought that it produced these efffectspy increasing 
the rapidity of the circulation of the blood J for drinKmg wine or 
spirits, I have heard always quickens the pmse. , 

Mrs, 5. No doubt ; the spirit by stimulating the nerves in- 
creases the action of the muscles ; and the heart, which is one of 
the strongest mudcular organs, beats with augmented vigor, and 
propels the blood with accelerated quickness. Afler such a strong 
excitation the frame naturally suffers a proportional degree of de- 
pression, so that a state of debility and languor, is the invariable 
consequence of intoxication. But though these circumstances are 
well ascertained, they are far from explaining why alcohol should 
produce such ejects. 

Emihj. Liqueurs are the only kind of spirits which I think pleas- 
ant. Pray, of What do they 'consist? 

Mrs, B. They are composed of alcohol, swecftened with syrup, 
and flavored with Volatile oil. 

The different kinds of odoriferous spirituous waters are likewise 
fsolutions of volatile oil in alcohol, las lavender water, eau de Co- 
logne, &c. 

^he chemical properties of alcohol are important and numerous. 
It is one of the most powerful chemical agents, and is particularly 
Atseful in dissolving a variety of substances, which are soluble 
neither by water nor heat.) 

EmUy, We have seen it dissolve copal and mastic to form var* 
nishes ; and these resins are certainly not soluble in water, since 
water precipitates them from their solution ih alcohol. 

Afr«. B, I am happy k> find that you recollect these circumstances 
so welL The same experiment affi)rds also an instance of another 
propertyof alcohol,— its tendency-to unite with water : for the resin 
IS precipitated in consequence of losing the alcohol, which abandons 
it frotn its preference for water. It is attended also^ as you may 
recollect, with the same peculiar circumstance of a disengagement 
of heat, and consequent diminution of bulk, which we have supposed 
to be produced by a mechanical penetration of particles, by whieh 
latent heat is forced out . 

Alcohol unites thus readily not only with tesins and with water^ 
but with oils and balsams; these compounds form the extensive 
elass of efixirs, tinctures, quintessences, &c. 

C Emily. I suppose that alcohol must be highly combustible, suice 
it contains so large a prbportion of hydrogen J 

1185. What is the intoxicating principle in spirituous liquors? 
' 1186. How does it prodace this eifect ? 

1187. What are the different kinds of odoriferous spirituous waters? 

1188. What are some of the most peculiar uses of alcohol ? 

1189. Why are brandy and other spirituous liquors so combustible ? 
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Mrs. B, Extremely so ; and it will botn at a very moderate 
iemperatare. 

Caroline, I have often seen both brandy and spirit of wine burnt ; 
Ihey prodace a great deal of flame, but not a j^portional quantity 
of neat, and no smoke whatever. 

Mr$. B, The last circumstance arises(from their combustion be- 
ing complete ;\ and the dispropottion between the flame and heat 
shows you that these are by no means synonymous. 

The great quantity of flame oroceeds from the combustion of the 
hydrogen, to which yoji know tnat manner of burning is peculiar.— 
Hive you not remarked also, that brandy and alcohol will bun 
without wick?-^ey take fire at so low a temperature, that this 
assistance is not required to concentrate the heat and volatilize 
the fluid.) 

I Carolifk. I have sometimes seen brandy burnt by merely heating 
it in a spoon. 

Mr$. B. The rapidity of the combustion of alcohol, may, how- 
ever, be prodigiously increased by first volatilizing. An ingenious 
instrument has been constructed on this principle to answer the 
purpose of a blow-pipe, which may be used for meltin? glass, or 
other chemical purposes. I It consists of a small metaUic vessel) 
(fig. 35.) of a spherical ^ Fig. 35. 

shape, which contains Alcohol Blovhpipe. 

' the alcohol, and is heated 
by the lamp beneath it ; 
>as soon as the alcohol 
is volatilized, it passes 
through the spout of the 
Vessel, and issues just 
above the wick of the 
lamp, which immediate- 
ly sets fire to the stream 
of vapor, as I shall show 
you.* I 

IMfy. With what a- 
mazing violence it burns ! 
The f&,me of alcohol, in _^_„.,..=,_^ 
the state of vapor, is, I ©. the Iamp.-E. The ve«»el in whteta the Alcohol 
fancy, much hotter than is boilinK.— F. Safety valve.— 6. The inflamed jetoi 
when the spirit is merely "**"* of alcohol directed towards the glass tube fl. 
burnt in a spoon. 

Mrs. B\ Yes ;. because in this way the combustion goes on much 
quicker, and, of course, the heat is proportionally increased.— ^in 

• A spuit lamp, which answers very well for bending small glass 
tubes, may be constructed by almost any one. Take a low phial 
with a wide mouth, fit a cork to it, and pierce the cork to admit a 
piece of glass tube, the bore of which is about the size of a large 

1190. Why ifl no smoke produced when brandy or spirit of wine b 
burnt ? 

1191. Why will brandy and alcohol bum, without a wick .? 

1192. How would you describe the experiment represented In fig* 35? 
• 1193. How would you describe the spirit lamp .? 
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I its e^ct on this small glass tube, the middJe of which I pw- 
seat to the eztremitY of the lame, where the heat is greatest. 

Caroline, The glass, in that spot, is become red hot, and bends 
from its own weight. 

Mrs. B, I have now drawn it asunder, and ara going to blow « 
ball at one of t^e heated ends ; biut I must previously close it up 
and flatten it with this little metallic instrument, otherwise the 
breach would pass through the tube without dilating aoy part of 
it. — ^Now Caroline^ will you blow strongly into the tube whilst the 
closed end is red hot ? 

EmUy, You blow too hard ; |br the bajl suddenly dilated to a 
great size, and then burst into pieces. 

Mrs, B, You will be more expert another time ; but I must 
caution you, should you e«©r use this blow-pipe, to be y«ry careful 
that .the combustion of the alcohol docs not go on with )too great 
violence, for I have seen the 4ame sometimes dart out with 8uc]i 
force as to reach the opposite wall of the room, and set the painl 
on fire. There is, however, no danger of the vessel bursting, as it 
is provided with a safety tube, which affords an additional vent iof 
the vapor of alcohol when required. 

The products of the oombustion of alcohol/consist in a g^eai 
proportion of water, and a small quantity of carbonic acid. 1 There 
is no smoke or fixed remains whatever^ — ^How do you account for 
that, Emily? 

EmUy, I suppose that the oxygen which the alcohol absorbs in 
hurning, converts ^ts hydrogen into wa^er^ and juts carbon into car- 
bonic acid gas, and thus it is completely consumed. 

Mrs, B, Very weU. — Ether, the lightest of aJU fluids, and with 
which you are well acquainted/is obtained firom ^IqohoJ^W which 
it forms the lightest and most volatile part^ 

Emily, Ether, then, is to alcoho), what alcohol is to brandy. 

Mrs, B. No ; there is an essential diflercnce. (In ord^r to obtain 
alcohol from brandy, you need only deprive the latter of its water ; 
but for the formation of ether, the aJlQohol must be decomposed, 
and one o/ its coiv^tituents partly ^ubtraic^ted. I leav/e you to guess 
which of them it is. \ 

Emihf. It cannot be hydrogen, as ether is more volatile than 
alcohol, and hydrogen is the light^t of all its ingrediei^ts : nor dp 
I suppose that it can be oxygen, as alcphol contain^ so 3mall a pro-* 
portion or that principle ; it is therefore, most probably, carbon, a 
diminution of which would not £dl J^ re^der^the new compouiid 
more volatile. . 

Mrs, B. You are perfectly^ ij^ght. QThe formation of ether jqoii- 
sists simpler in subtracting from the alcohol a certain {proportion of 
carbon / tms is effected by the s^tion of the sulphuric, nitric, o;r 

goose-quill. Let the tube rise an inch or two above the cork-^ 
pass some cotton wick thzough the tube — ^then fill the phial with 
alcohol, and put the ootk. and tube in theix places. The lamp ip 
4hen ready .-—C. 

«| ■ ■ ■■■ ; ■ .11 .III I I i m 

1194. What is the leoaHpaeltioii of alcohol ? 

1195. From what is«ther obtained t 

1196. How does it differ firom alcfl^ol ? 

1197. In what dnes the formation of ether eoonn^/ 



BBnriatie add, on alcohol. The add and earbon i^man at the 
bottom of the vessel, whilst the decarbonized alcohol flies off ia the 
fmn of a condensable yapor, which is ether. 

C Ether is the most inflanmiable of all flnidsiand boms at so low a 
nperature that the heat evolved during ife combustion is more 
than is required for its support, so that a quantity of ether is vola- 
tilized, which takes fire, and gradually increases the violence of the 
combustion. 

Sir Humphrey Dav)r has lately discovered a very singular fact 
respecting the vapor of ether, (it a few drops of ether he poured 
into a wine glass, and* a fine platina wire, heated almost to redness, 
be held suspended in the glass, close to the surface of the ether, 
the wire soon becomea intehsely red hot, and remains so for any 
length of time.^ We may easily try the experiment. 

Caroline, How very curious ! The wire is almost white hot, 
and a pungent smell rises from the glass. Pray how ia this a«- 
countea for? 

Mrs. B, This is owing to a very peculiar property of the vapor 
of ether, and indeed of many other combustible gaseous bodies. 
At a certain temperature lower than that of ignition, these vapors 
undergo a slow and imperfect combustion, which does not give rise, 
in any sensible degree, to the phenomena of light and flame, and 
yet extricates a quantity of caloric sufficient to re-act npon the 
wire, and make it red hot, and the wire in its turn ^eeps up the 
e^ct as long as the emission of vapor continues. 

This singular effect, which is also produced by tbB alcohol, may 
be rendered more striking, and kept up for an indefinite length of 
^e, by rolling a few coi{s of platina wire, of the diameter of fs(m 
, about l-60th to l-70th of an inch, round the wick of a spirit lamp. 
If this lamp be lighted for a moment, and blown out again, the 'wire, 
after ceasin? for an instant to' be luminous, becomes red hot again, 
diough the lamp is extinguished, and remains glowing vividly, till 
the whole of the spirit contained in the lamp has been evaporated 
and consumed in this peculiar manner. } 

Caroline. This '}& extremely curious. But why should not an 
iron or silver wire produce the same effect I 

Mrs, B, Because either iron or silver^'being much better eon- 
jduetors of heat than platina, the heat is carried ofi^too fast by those 
tnetals to allow the accumulation of caloric necessary to prodnoe 
the eXSbcX in question. : 

Ether is so light tliat it evaporates at the common temperatoie 
of the atmosphere ; it is therefore necessary to keep it confined ^ 
a well ground glass stopper. No degree of cold known has ever 
jfrozen it.* 

* Ether freezes a^d shoots into crystals, [at 46° below the zero of 
Pahrenheit.-^^ ^ ^ 

' |lt6. What ui the roost i&aammable of all bodies? 

1199. What singular efleet has Sir H. Davy lately diseovoed n- 
•fpeeting the vapor <^ ether ? 

1900. How may this efieet b^r rendered morse strikSiig f 

1201. Why would not an iron or siiver wise ppodttoie tfaa tmam tfShet? 

I9B. At what degree of coW wiU eUmfice^/ 
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Cdro^tM, Is it not often taken medicinafly ? 
^ Mrs, B, Yes ; it is one of the most effectoal antiHspasmodic medi- 
eines, and the quickness of its eflfects, as such, probably depends on 
its being instantly converted into vapor by the beat of the stomach, 
through the intervention of which it acts on the nervous system. 
But the frequent use of ether, like that of spirituous liquors, becomes 
prejuCkicial, and, if takien to excess, it produces effects similar to 
those of intoxication. 

We may now take our leave of the Vinous fermentation, of which, 
I hope, you have acquired a clear idea ; as weU as of the seveiftl 
products that are derived from it. 

baroHne, Though this process appears, at first sight, so much 

complicated, it may, I think, be summed up in a few words, as it 

/^ consists in the conversion of sugar and fermentable bodies into 

alcohol and carbonic acid, which gives rise both to the formation of 

wine, and of all kinds of spirituous liquors.) 

Air*. B. We shall now proceed to the acetms /ermentaHon, whjk^ 
is thus called/ because it converts wine into 3(r|negar, by the formsr 
tion of the acetous acid, which is the basis or radical of vinegar .J 

Caroline. But is not the acidifying princi^e of the acetous sx&i 
the same as that of all other acids, oxygen f 

Mrs. B,. Certainly ; and on that account, the oontaet of air is 
essential to this fermentation ^as it aiibrds the necessar^r supply of 
oxygen, i Yine^r, in order to obtain pure acetot^s acid urom it, 
must be^stUled and rectified by certain processes. 

Emiiy. But pray, Mrs. B., is not the acetous acjd frequently 
formed without this fermentation taking place ? Is it not, for in* 
sitance, eopts^ned in acid fruits, and in every snhstance that be- 
comes sour? 

Mrs, B. No, not in fruits ; you confound it with the citric, the 
malic, the oxalic, and other vegetaUe acids, to which Uvinff vege- 
tables owe their acidity. But whenever a vegetable substance 
turns sour, a^r it has ceased to live, the acetous acid is developed 
by means of the a<ietou8 fernientation, in whiph the substance ad* 
▼ances a step towards its final decomposition. 

Amongst Che various instances or acetous fermentation that of 
bread is usnafly classed. 

Caroline. But the fermentation of bread is produced by .yeast; 
how does that e^ect it ? 

Mrs. B. fit is found by experience that any substance thajt has 
already undergone a fermentation, will readily excite it in one that 
is susceptible of that process. )lf, for instance, you mix a little vine- 
gar with wine, that is intended to be acidified, it will absorb pxy^eo 
more rapidly, and the process he completed much sooner, than ii left 
to ferment spontaneously. Thus yeast, which is a product of the 
fermentation of beer, is used to excite and accelerate the fermenta^ 

1203. How may the procesf of the vinous fermentation be expreiiQ4 
in a few words ? 

12D4. Why is the third fermentation cal^d acetous ? 

1906. Why is the contact of air neoessary to produce the aoetous 
fermentation ? 

A|Q06. What is the reason that wine, ori cider, when corked tight, 
' ^oes not turn to vinegar ? 

1301^. How is the fermejutation of hread produeeii by yeaaft>' 
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tion of mah, whic)i is to be conyerted into beer, as w6]l as that of 
ipaste, which is to be made into bread. 

Caroline, But if bread undergoes the acetous fermentation, why 
is it not sour ? 

Mrs, B.rit acquires a certain savor which corrects the hea^y 
insipidity of flour, and may be reckoned a first degree of acidifica- 
tionAor if the process were carried further, the breaid would become 
decifledly acid. 

There are^ however, some chemists who do not consider the fe^ 
mentation of l>read ad being of the acetous kind, but suppose thst 
it is a process of fermentation peculiar to that substance. 
J The putrid fennenlation\L8 the final operation of Nature and her 
last step towards reducrng^rganized bodies to their simplest combi- 
liations. All vegetables spontaneously undergo this fermentatioD 
after death, provided there be a sufficient degree of heat and mois- 
ture, together with access of air ; for it is weU known that dead 
2>laats may be preserved by drying, or by the total exclusion of air. 
Caroline, But do dead plants 'undergo the other fermentations 
previous to JtMs last ; or do they immediately suffer tbe putrid fer* 
mentation^ 

Mrs. B, That depends on a variety of (^cumstances, such as 
the degrees ^ temperature and of moisture, the nature of the pl^Qt 
itself, 4pc. But if you were carefully to follow and e^^an^ine the 
decomposition of plants from their death to thei^ finaj dissolutioQ, 
you would generally find a sweetness developed in the seeds/ and ^ 
.spirituous flavor in the fruits (which have undergrone the saccharine 
fermentation) previous to the total disorganization and jS.eparatiQp 
of the naxts. 

Emily, I have sometimes retnarked^a kind of spirituous taste 
in fruits that i^ere over ripe,^specially orauges^ a^d this wds just 
before they became rotten. "^ \ 

Mrs, p. It was then the vinous fermentation, which had succeeded 
^he saqcharine, and had you followed up these clvanges attentively, 
jou would probably have found the spirituous taste followed by 
acidity, previous to the fruit passing to the state of putrefaction, 
r When the leaves fall from the trees in the autui;pa, they do not (if 
uiere is no great moisture in the atmosphere) immediately undergo 
a decomposition, but are first dried and withered ; as soon, how- 
ever, as the rain sets in, fermentation coijamences, their gaseous 
products are imperceptibly evolved into the atmosphere, and their 
jfixed remains ouxed with their kindred earthA 

AVood, when exposed to moisture, also undergoes the putrid fer- 
mentation, and becomes rotten. 

Emily. But I have heard that the dry rot, wh^chi is so liable to 
iiestroy the beams of houses, is prevente(j^y a current of air) and 
yet you said that the air was essential to ttte putxid fennentation ? 

Mrs. B. True ; but it must not be In such a proportion to the 
moisture as to dissolve the latter, and this is gext/sraUy the case when 

1308. Why then is it not sour ? 

1209. What is the final fermentation in reducing organized bodies to 
their si mple8t.combi nations ? 

1210. What is mentioned of oranges, and other over ripe frjait, M 
illastrating the above principle of fermentation .' 

1211. What is said of the fermentation of jteaves.' 

1212. Hov niay the dry rot be prevented ? 
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^e rotting of wocd is prevented or stopped by the free access oif 
air. What is oommonlv called dry rot, however, ie not, I beliete, 
a true process of putrefaction. 0^ is stipposed to depend on a pe* 
culiar kind of vegetation, which by feeding on the wood g^iuduallj^ 
destroys it.) v / ' 

Straw, aim all tether kinds of vegetable matter, undei^o the putrid 
fermentation more rapidly when mixed With animal matter. ( Af uch 
heat is evolved during this process, and a variety of volatile prod acts 
are disengaged^as carbonic acid and hydrogen gaS, the latter of 
which is frequently either sulphurated or phosphorated. When all 
these gases have been evolved, the fixed products, consisting of car- 
bon, small quantifies of salts, potash, &c. form a kind of vee^etable 
earth, which makes very fine manure, as it is composed of those 
elements which fohn the immediate materials of plants. 

Caroline. Pray^ are not vegetables sonletimes preserved firom de^ 
composition by petrifaction ? * I have seen very curious specimens 
of petrified vegetables. In which state they perfectly preserve theif 
form and organization, though in appearance they are changed to 
stone. ^ 

Mrs. BfThzX is a kind of metamorphosis. Which, now that you 
are tolerably well versed in the history of rainerd and vegetable 
substances, I leave to your judgment to explain. Do you imagine 
that vegetables can be converted into stone ? 

Emi^. No, certainly ; but they might, perhaps, be changed to ft 
tobstance in appearance resembling stone. 

Mrs. B. It is not so, however, with the substances that are called 
petrified vegetables; for these are really stone, and generally of the 
hardest kind, often consisting chiefly of silex. The case is this : 
when a vegetable is buried under water, or wet in earth, it is slowly 
and gradually decomposed. As each successive particle of the 
Vegetable is destroyed, its place is supplied by a particle of siliceouii 
earth, conveyed thither by the Water. In the coulee of time the 
Vegetable is entirely destroyed, but the silex has complietely re^ 
placed it, having assumed its form and apparent texture, as if the 
vegetable itself were changed to stone. 

CaroUne. That is very curious! and I suppose that petrified 
animal substances are of the same nature ? 

Mrs. B. Precisely. It is equally impossible for either animal or 
vegetable substances to be converted into stone. They may be 
reduced, as we find they are, byxlecomposition, to their constituent 
elements, but cannot be changed to efements which cto not eAtef 
into their composition. 

* Petrifactions are oflTtwo kinds,Wiz.^7icgo4i5i)when flinty parti^ 
cles take the place of tne original substance, andfba/oardot^, i;vherd 
the substance appears to be changed. to Umestone. ^The first kind 
gives fire with steel, and the othef effervesces with acids. VCl 

121SL On what is the dry rot supposed to depend? 

1214. Why will animal matter, mixed with Atraw and other Vegetal 
ble substances, hasten fH'mentation ? 

1215. What are vegetable petrifactions ? . 

1216. How are vegetable petrifactions formed '? 

1217. How THany kinds of petrifactions are thete f 

1218. What are they called, andtohat are their propertkif 
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There aie, however, circumstances which fieqaentl^r prevent the 
regular and final decomposition of vegetables : as tor instance, when 
they are buried either in the sea or in the edlth, wher6 they cannot 
midergo the putrid fermentation for want of air. In these cases, 
they are subject to a peculiar Change, by Which they aie converted 
into a new class of compounds called bitumens, 

CaroUne, These are substances I never heard of befbl^k 

Mrs. B. You will find, however, that some of them ate very 
familiar to you. ^Bitiimens are vegetables so far decomposed as to 
retain no organi<^'apj>earaince ^but their origin is easily detected by 
their oily nature, their combustibility, the products of their analysis, 
and the impression of the forms of leaves, grains, fibred of wood, 
and even of aiiimals, which Uiey frequently bear. 

They are sometimes of an oily, liquid consistence, as the sub- 
stance called nimhtha,* in which we preserved potassium ; it is a fine 
transparent, colorless fluid, that issues out of clays in some parts 
of Persia. But more frequency bitumens are solid, as aspfuiUum, 
/Si smooth, hard, brittle substance, which easily melts, and forms, in 
'its liquid state, a beautiful dark brown color for oil painting.) p/, 
which is of a still harder texture, is a peculiar bituqien, su^«ptible 
of so fine a polish, that it is used for many ornamental purposes^ 
C Coal is also a bituminous substance, to the composition of which, 
both the mineral and animal kingdoms seem to concur. J This most 
useful mineral appears to consist chiefly of vegetable matter, mixed 
ttrith the remains of marine animals and marine salts, and occasion- 
ally containing a quantity of sulphuret of iron, commonly called 
pyrites. 

Emib/* It is, I suppose, the earthy, the metallic, and the saline 
parts of coals, that compose the cinders or fixed products of their 
combustion ; whilst the hydrogen and carbon, which they derive 
fix)m vegetables, constitute their volatile products. 

CaroUne. Pray, is not coke, (which I have heard is much used in 
some manufactures) also a bituminous substance ? 

Mrs. B. No ; it is a kind of fuel artificially prepared from coals. 
* It consists of coals reduced to a substance analogous to charcoal 
^ by the evaporation of their bituminous parts.N Coke, therefore, is 
composed of carbon, withjsome earthy and sarftte ingredients. 

Sucdn or yellow ambei^^a a bitumen which the ancients called 
electrum, ^om Whence the Word electricity is derived, as that sub- 
stancfe is'peculiairl^, and was once sui)posed to be exclusively elec- 
tric, /it is found either deeply buried in the bowels of the edxth, or 

iTNaphtha appears to be the only fluid in which nxygen does not 
exist ;^ hence its property of preserving potassium, which has so 
strong an affinity for oxygeu as to absorb it from all other fluids. 
It however loses this property by exposure to the atmosphere, 
probably because it absorbs a small quantity of air, or moisture. It 
IS again restored by distillation. — C. 

1219. What are bitomens, and how are they formed? ' 

!ia20. What is asphaltum f 

1221. What 18 jet? 

1228. What is coal? v 

122:^. How does coke differ from coal > 

1284, What is yellow amber? 
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floating on the sea^^and is supposed to be a resinous body which has 
been acted on by snlphuric acid, as its analysis shows it to consist 
of an oil and an acid. The oil is called oil of emiter; the acid the 
sucdnnic, 

Emily, That oil I have sometimes used in painljoig^ as it is reck- 
oned to change less than the other kinds of oil. 

Mrs. B, The last class of vegetable substances that have chang- 
ed their nature Bxe fossil wood, peat, and turf, f These are composed 
of wood and roots of shrubs, that are partly oecpmposed by being 
exposed to moisture under ground, ana yet in some measure, pre- 
serve their form and organic appearance. The peat, or black earth 
of the moors, retains but few vestiges of the roots to which it owes 
its richness and combustibility, these substances being in the course 
of time, reduced to the state of vegetable earth. But in turf the 
roots of plants are still discernible,, and it equally answers the pur- 
pose of fuel. "^ It is the combustible used by the poor in heathy 
countries, which supply it abundantly.. 

It is too late this morning to enter into the history of vegetation 
We shall reserve^the subject, therefore, to our next interview, 
when I expect that it will furnish us with ample matter for another 
conversation. 



CONVERSATION XXII. 

HISTORT OF V£0STA.TI0N« 

Mrs, B.Qrhe vegetable kingdom V^y ^ censidereii as the link 
which unites the mineral and animal creation into one commoa 
chain of beings ; for it is through the means of vegetatioh alone that 
mineral substances are introduced into the animal system ; since, 
Generally speaking, it is from vegetables that aQ animals ultimate* 
y derive their sustenance. 

Caroline,' I do not understand that ; the human species subsist as 
much on animal as on vegetable food. 

Mrs, B. That is true ; but jovl do not consider that those that 
live on animal food deiive th^r sustenance equally, though not so 
immediately, from vegetables. The meat wMch we eat is formed 
firom the heirb^ of the field, and the prey of carnivorous animals pro- 
ceeds either directly or indirectly from the same source. It is, 
therefore, through this channel, that the simple elements become a 
part of the animul frame. We should in vain attempt to deiive 
nourishment from carbon, hydrogen, and oxygen, either in their 
separate state or combined in the mineral kingdom ; forrit is only 



I 



1225. Where is it found ? 

1226. What are fossil wood, peat and turf.' 

^ 1Sffi7. Why does naphtha preserve potassium? 

1228. What is oonsidered as uniting the mineral and animal em- 
tion? 

1229. From whence do aH animals derive their sustenance .' 

1230. In what state are caitx>n, hydrofen/and oxygen^ eaptUt Q^ 
affofding nonnahment ? 
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by being united in the fbim of reffetable oombmation that ^ragr be- 
'.Qpme capable of conveyjiiig poarifibment.^ 

Emify. Vegetation, then, seem9 to be tbe method which Katqie 
emplojrB to prepare the food of animaUi ? 

Mrs. B. That ia certainly its principal object. The vegetable 
creation does not exhibit more .wisdom m that admirable system of 
or^mization, by which it is enabled to answer its own immediate 
ends of preservation, nutrition and propagation, than in its giand 
and ultimate object of forming those arranffements and combii^ar 
tions of principles, which are so well adapted for the nonnshmeDt 
of animals. 

EmUy, But I am yeij cntioas to know whence vegetables obtain 
Ithose principles wfa^ch form their immediate materials ? 

Mrs, B, This i^ a point on which we ^re yet 90 much in the dark 
(hat I cannot hope fully to satisfy your curiositjr ; but what little I 
lenow on this subject, 1 shall endeavor to explam to you. 

The soil which at first view, appears to be the element of vegeta- 
ble, is found on a closer investigation, to be little more than the 
channel through which they receive their nourishment; so that it is 
vei^ possible to rear plants without any earth or spil.* 

* The opinion that water is the only foqd of plants, was adopted 
by the learned on this subject in the t7th century ; and many ex- 
periments were made which seemed tfi proye Uiat this was the 
truth. Among others was a fiimous one by Van, Helmont, whidi 
for a long time yrsa snppos^d to ha?e established the point beyond 
all doubt. (He planted a ^iUo^ which weighed five pounds, m an 
earthen vessel containing 200 lbs. of dried earth. This vessel was 
sunk into the ground^ and ^e tree was watered, sometimes with 
distilled, and sometimes with rain water. \ 

At the end of five years the willow -weighed 169 lbs. ; and oa 
weighing the soil, dried as before, it was found to ha^e lost only two 
ounces. Thus the willow had gained 104 lbs., and yet its food had 
been onjiy water. The induction from this experiment was obvioos. 
Plants live on pore water. This, therefore, was the general opinioD 
until the progress of chemistry detected its fallaoy. Bemouui, in 
1763, showed, by some experiments, that the water which Van Hel> 
mont had used, contained as much earth as could exist in the tree 
at the. end of the 6.Ye years; ^ pound of water contained about a 
grain of earth. So that this ei^>erim^nt b^ no means proved that 
3ie willow lived on \frater alone. Since this time a ^reat vaiieiy of 
experiments have been made for the purpose of deciding what was 
ihe food of plants. In the course of these it has been found, that 
•«Miough seeds do vegetate in pure distilled water Aet the pbntia 
vfMohly and finally dies before the fruit is mature^ 

it is piet^ certain, then, that eaa^h is absolutdy necessary te (he 
tmpnA. of plants, and thaJ^^Mxi of their food is taken from, the soil. 
Xadeed, the well known MBiat a4Boil is foom out by a Ipng saecea- 

1231. Do vegetables receive their cb^f atiipent firom the soil vpL m^kk 
tbeyjTow? 



CSarohne, Of that weliate an instance in the hyacinth and other 
balbous roots, which wiU grow and blossom be&utifuU^ in Masses of 
water. But I confess I shoald think it would be difficult to rear 
trees in a similar manner. 

JWf*. B, No doubt it would, as it is the burying of the roots in the 
earth that supports the stem of the tree. But this office, besides 
that of affording a vehicle for food, is far the most important part 
which the earthy portion of the soil performs in the process of teff- 
etation ; for we can discover by analysis, but an extremely smsQl 
proportion of earth in vegetable compounds. 

Cctrohne. But if earths do not afford nourishment, why is it ne- 
cessary to be so attentive to the preparation of the soil ? 

Mrs. ^^In order to, impart to it those qualities which render it 
a proper vehicle for the food of the plantj (Water is)the chief nour- 
ishment of vegetables nf if, therefore, th^oil be too sandy, it will not 
retain a quantity of water sufficient to supply the rootsj)f the plants. 
If, on the contrary(^it abounds too much with clay, tne watejr will 
lodge in such quantities as to threaten a decomposition of the roots. ^ 
Cakareous soils are, upon the whole, the most favorable to the 
growth of plants : soils are, therefore, usually improved by chalk, 
which you may recollect, is carbonat of lime. Diifferent vegetables, 
however, require different kinds of soils. Thus, rice demands a 
most retentive soil ; potatoes, a soft sandy soil ; wheat, a firm and 
rich soil. Forest trees grow better in fine sand , than in a stiff day ; 
and & light ferruginoud soil is best suited to fruit trees. 

OaroUne. But pray what is the use of manuring the soil ? 

.Mrs, B, Manure consists of all kinds of substances whether of 
vegetable or animal origin, which have undergone the putrid tex- 

sion of eropd, and finally becomes sterile, unless manured, is good 
moof that plants do absorb something from it. 
X Saussure has shown that this is the fact, and also that the earth, 
which is always found in plants, is of the same kind as that on 
which they grow. \ Thus trees growing in a granitic soil, contain a 
large proportion of silica, while those growing in calcareous soil, 
contain little silica, but a great proportion of calcareous earth. 

In addition to what plants absorb from the ground, there is no 
doMbt but they obtain a part of their nourishment from water and 
air. Some experiments made at Berlin, show that wheat, barleji^ 
&c. contain a quantity of earth though fed only on distilled water. 

From the air, plants absorb carbonic acid gas. The carbon thcgr 
retain » which forms the ^eatest part of their bulk. The oxygaa 10 
emitted, and goes to purify the atmosphere. ^ 

Thus it is seen that plants obtain their foodLfrom the earth, fron^ 
water, and from the air.^-C. 

12S4:. What facta did Saussure discover r slating ta this svijeeif 

1835. Whence do plants derivs their food f 

1^35. If earths do not afford nouruhment, why is it necessary to Se 
id pttrtleoltr hi enriching the soil ? 

1237. What is the nourishment of vegetables? 

1^238. What is the conseqaence to vegtBtaBles if (he soil k Up 
wtakdy? 

1239. W&at fif it aboaddk (00 mncfa with eky f 
94 
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nentatioD, and aie conaeqaently decomp6sed, or nearly bo, int9 
their elementary principles. And it is requisite that these vegeta- 
ble matters should be in a state of decay, or, approaching decompo- 
mtion. . The addition of calcareous earth, in the state of chalk or 
lime, is beneficiaL to such soils, aa it accelerates the dissolntion of 
Tegetable bodies. Now, I ask you, what is the utility <^ supplying 
the soil with these decon4>osed substances? 

Caroline^ It is, 1 8up];>08e,^n order to fumii^ vegetaMes with the 
principles which enter into their composition) For manures not 
only contain carbon, hydrogen and oxygen, but by their decompo- 
sition supply the soil with these principles in their elementary form.* 

Mrs, B. Undoubtedly ; and it .is for this reason that the finest 
. crops are produced in fields that were formerly covered with woods, 
/"because their soil is composed of a rich mould, a kind of vegetable 
earth which abounds in those principles^ 

Emily. This accounts for the plentifufness of the crops produced 
in America, where the country was, but a few years since, covered 
with wood. 

Caroline, But how is it that animal substances are reckoned to 
• produce the best manure 1 Does it not appear muph more natural 
that the decomposed elements of vegetables should be the most ^h 
propriate to the formation of new vegetables ? 

Mrs, B, (The addition of a much greater proportion ef nitrogen, 
which constitutes the chief difference between animal and vegeUble 
matter, renders the composition of the former nuNre complicated and 
consequently more favorable to decomposition.^ 

Indeed the use of animal substance is chiefly to give the first im- 
pulse to the fermentation of the vegetable ingredients that enter in- 
to the composition of manures^ The manure of a fitrm yard is of 
that description ; but there is scarcely any substance susceptible of 
undergoing the putrid fermentation, that will make good numure. 
The heat produced by the fermentation of manure is another cii^ 
eumstance which is ettremely fitvozable to vegetation; yet this 
heat would be too great if the manure was laid, on the ground during 
the height of fermentation ; it is used in this state only for hot-beds 
to produce melons, cucumbers, and such vegetables as require a very 
high temperature. 

Caroline. A difficulty has just occurred to me which I do not 
know how to remove. Since all organized bodiies are, in the com- 
mon course of nature,, ultimately reduced to their elementary state, 
they must necessarily in that state enrich the soil, and afiK)rd fix)d 
for vegetation. How is it then, that fLffriculture, which cannot in- 
erease the quantity of those elements uiat are requi]:ed to manure 
the earth, can increase its products so wonderful^, as is found to 
be the case in al> eultivatea countries? 



* But what is the use of all this, if <<water is the^hief nourish^ 
ment of vegetables ?" — C. 

I84(K What is the use of decomposed substances as is found in 
nanure' 

1241., Why ars the best crops produced on new lands, or where the; 
vsre leoentfy covered with wood? 

ld|9. Why do animal sobstanees makt the best maniue? 
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Mrs. B'J It is by suffering none of these decaying bodies to be 
^dispersed and wasted, but in applying them duly to the soU.) It is 
also by a judicious preparation ot the soil, which consists in^fitting 
it either for the general purposes of Tegetation, or for that 6f the 
particular seed which is to be sown. Thus, if the soil be too wet, 
it may be drained ; if too loose and sandy, it may be rendered more 
consistent and retentive of water by the addition of clay or loam ; 
it may be enriched by chalk, or any kind of calcareous earth. Oa 
soils thus impTored, manures wiM act with double efficacy ; and if 
attention be paid to spread them on the groond at a proper season 
^f the year, to mix them with the soil, so that they may be general- 
ly diffused through it, to destroy the weeds which might appropri- 
ate these nutritive principles to their own use, to remove the stones 
which would impede the growth of the plant,* we may obtain a pro- 
duce an hundred fold more abundant than the earth woidd sponta- 
neously supply. 

Emily, We have a very striking instance of this in the scanty 
produce of uncultivated commons, compared to the rich crops of 
meadows which are occasionally manured. 

Caroline. But, Mrs. B., though experience daily proves the ad- 
vantages of oultivation, there is still a difficulty which I cannot get 
over. ^ A certain quantity of elementary principles exist in nature, 
which it is not in the power of man either to augment or diminish.) 
Of these prindpl^, you have taught us .that both the animal and 
vegetable 'creations are composed. fNow the more of them is taken 
«p by tlie vegetable kingdom, the less it would seem will remain 
tor animals ; and therefore the more populous the earth becomes^ 
the less it will produce.^ 

Mrs. B. Your Teasomnsr is very plausible ; but experience every 
where contradicts the inference you would draw from it; sinci 
rwe find that the animad and vegetable kingdoms instead of thriving 
^as you would suppose, at each other's expense, always increase- 
and multiply together. For you should recollect that animals can 
•derive the elements of which they are formed only through the me- 
dium of vegetables.) And you must allow that your conclusion 
would be vsSid only if every particle of the several principles that 
oould possibly be spared from other purposes, were em^oyed in 
4he animal and vegetable <:Teations. Now we have reason to be- 
lieve that a much greater proportion of these principles than is re- 
quired for such purposes, remains either in an elementary state, or 
engaged in a iess useful mode of combination in the mineral king- 
dom. Possessed of such immense resources as the atmosphere and 
the waters afford us, for oxygen, hydrogen and carbon, so far from 
being in danger of working ^p all our simple materials, we cannot 
suppose that we shall ever bring agriculture to such a degree of 
perfection as to require the wh^ Tii what these resources could 

however, in t^us fuxnishing us with an inexhaustible stock 



apply. 

Nature, 



1943. How is it thatagnculture, which cannot increase the quantity 
of those elements that are required to manure the earth, so greatly in- 
crease its vegetable products ? 

1244. Of what are the vegetable and animal creation composed ? 

1245. What objection is made to the principles stated for the increass 
Todui ' 



<tf vegetable productions.' 

t2K. How is this objection answered } 
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of law materials, leaves it in some measui^ to the log^Qityof msa 
to appropriate them to hil own purposes. But, like a kind parent, 
she stimulates him to exertion, by setting the example, and point' 
ing out the way. For it is. on the operations of Nature that aJl the 
improvem^ts of art are founded. The art of agriculture consists, 
therefore ,( in discovering the readiest method of obtaining the seve- 
ral principles, either from their grand sources, air and water, on 
from the decomposition of organized bodies ; and in appropriating 
them in the best manner to the purposes of vegetation.t 

EmUy. But, among the sources of nutritive principles, I am sur- 
prised that you do not mention the earth itself, as it contains abun* 
dance of coals, which are chiefly composed of carbon. 

Mrs. B. Though coals abound in carbon, they eannot/bn accoont 
of their hardness and impermeable teitureibe immediately subser- 
vient to the purposes of vegetation ; and we find, on the contrary, 
that coal districts are generally barren. 

Eirnily. No ; but by their combustion, carbonic acid is produced; 
and this enterin? into various combinations on the surface of the 
earth, may, perhaps, assist in promoting vegetation* 

Mrs. B. Probably it may in some degree ; but at any rate, the 
quantity of nourishment which vegetables may derive from that 
source can be but very trifling, and must entirely depend on local 
circumstances. 

Caroline. Perhaps the smoky atmosphere of London is the caose 
of vegetation being so forward and so rich in its vicinity ? 

Mrs. 3* I rather believe that this circumstance proceeds from the 
very ample supply of manure, assisted, perhaps, by the warmth and 
shelter which the town affords. Far from attributing any good to 
the smoky atmosphere of London, I confess I Hke to anticipate the 
time when we shall >have made such progress in the art of managiag 
combustion, that every particle of carbon will be consumed, and 
the smoke destroyed at the moment of its production. We may then 
expect to have the sa,ti8factioh of seeing the atmosphere of liondon 
as clear as that of the country . But to return to our subject ; I hope 
that you are now convinced that we shall not easily experience a 
deficiency of nutritive elements to fertilize the earth, and that pro- 
vided we are but industrious in applying- them to the best advantage 
by improving the art of agriculture, no limits can be assigned to the 
jQruits that we may expect to reap from our labors. 

Caroline. Yes : I am perfectly satisfied in that respect, and I can 
assure you that I feel already much more interested in the progress 
and improvement of agriculture. 

Emily. I have frequently thought that the culture of the land was 
not considered as a concern of sufficient importance. (Manufactures 
always take the lead ; and health and innocence are Yrequently sa- 
crificed 4o the prospect of a more profitable employ ment^ It has 
often grieved me to see the poor manufacturers crowded together 

1247. In what does the art of agriculture consist ? 

124d. Whyxcannbt coals be immediately snbiervient to the purposes 
ofveffetation? 

1249. Is there any occasion to apprehend a deficiency of natritive 
elemento to fertilize the earth ? A^ -v^, C ' '^ 

IJSSO, What objection is made tomanufactares^ 
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in dose rooms, and confined for the whole day to the most uniform ' 
and sedentary employment, instead of beinff engaged in that in- 
nooent and salutary kind of labor, which Nature seems to have 
assigned to man for the immediate acquirement of comfort, and for 
the preservation of his existenee. I am sure that you agree witil 
me, m thinking so, Mrs. B. 

Mrs, B. I am entirely of your opinion, ray dear, in regard to the 
importance of a^culture ; but as the conveniences of life, which 
we are all enjoying, are not derived merely from the soil, I am fav 
from wishing to depreciate manufactures. Besides, as the labor of 
one man is . sufficienf to produce food for •several,; those whose ii^ 
dustry is not requirea in tillage must do something in return for the 
food that is provided for thera. (They exchange, consequently, the 
accommodations for the necessaries or life.J Thus the carpenter and 
the weaver lodge and clothe the peasant, who supplies them with 
their daily bread.. The greater stock of provisions, therefore, which 
the kosbandman produces, th*e greater is the quantity of accomBKK- 
dation which the artificer prepares. Such are the happy efieets 
which naturally result from civilized society. It would be wiaer, 
therefoie^ to endeavor to improve the situation of those who aro 
engaged in manufactures, than to indulge iii vain declamations on 
the hardships to which they are too frequently exposed. 

But we must ftot yet tak^ our leave d the subject of agricultuve ;^ 
we have prepared (the soil, it remains for us now to sow the seed.— ^ 
In this operation^ we must be careful not to bury it too deep in ihS 
ground, as the access of aii is absolutely necessary to its germina- 
tion ; the earth must, therefore, lie loose and light over it in order 
^that the air may penetrate. j Hence the use of ploughing and dig- 
ging, harrowing and raking, &c. A certain degree of heat and 
moisture, sueh as usually takes place in the spring, is likewise 
necessary. 

Caroline, One would imagine you were going to describe the 
deeoniposition x)f an old plant, rather than the formation of a new / 
one ; fox yon have enumerated all the requisites of fenpentation* 

Mns. B. X)o you forget, my dear, that the young plant derives its 
existence from the destrj|iction of the seed, and that it is actually by 
the saccharine fenflentation that the latter is decomposed? 

Caroline. True ; I wonder that I did not recoUect that. The tenfr- 
perature and moisture required for the germination of the seed » 
iben employed in producing the saccharine fermentation within it? 

Mrs, jB. Certainly. But, in order to understand the nature of 
germination, you should be acquainted with the different parts of 
which the seed is composed. The external .covering or envelope 
contains, besides the germ of the future plant, the substance whieh 
is to constitute its first nourishment; this substance, which is called 
the parenchyma, consists of fecula, nvucilage, and oil, as we formerly 
observed. 

1251. For how many persons can joae man m agrienltiiral labor pf»> 
dnoe food ? 

1252. Why is this a reason for encooraging manaikctares ? 

1353. What is the Ufe of ploughing, digging, harrowing, nkiBf; 
Ac., in agricultore? 

54«* ^ - 
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- ( The Med is gfenerally^dmded into two compartments called fofei, 
or cotyledons, )^ is exemplified by this bean, (^^- 96,)-^-the dark 
(Fig. 36.) colored kmd of string which divides the lobes is 
~~ called the radicief\9a it forms the root of the plant, 
I and it is from a/contignous substance called pht- 
mula, which is enclosed within the lobes, that the 
stem arises.V-The figure and 8i2e of the seed de- 
pend yerj nuich upon the cotyledons ; these Taiy in 
number m difi[brent seeds ; some have only one, as 
wheat, oats, barley, and all the grasses ; some have 
three, others six. But most seeds, as for instanoe, all the varieties 
of beans, have two cotyledons. When the seed is buried in the 
earth, (ft any temperature above 40 degtees,)it imbibes water, 
which softens and swells the lobes ; it then absorbs oxygen, which 
combines with some of its carbon, and is returned in the form of 
carbonic add. This loss of carbon^ increases the comparative pnh 
portion of hydrogen and oi^ygen in seed, and excites Ihe saccharine 
« fermentation by which the parenchymatious matter is converted 
. into a kind of sweet emulsion. In this form it is carried into the 
radicle by vessels appropriated to that purpose ; and in the mean- 
time, the fermentation having caused the seed to bu^st, the cotyle- 
dons are rent aSsunder, the radicle strikes into the ground and 
becomes the root of the plant, and hence the fermented liquid is 
conveyed to the plumula, whose vessels have been previously dis- 
tended by the heat of the fermentation. The plumula being thus 
swelled, as it were, by the emulsive fluid, raises itself and springs 
. up to the surface of the earth , bearing with it the cotyledons, whicm, 
as soon as they come in contact with the air, spread themselyes, and 
are transformed into leares. — ^If we go into the garden, we shall 
probably find some seeds in the state m which I haVe described, 

EmUy, Here are some little lupines that are just making their 
appearance above ground. 

Mrs, B, We shall take up several of them to observe their dif* 
ferent denees of progress in vegetation. Here is one that has but 
' recently burst its envelope — do you see the little radicle striking 
: downwards ? (Fig. 37, No. 1.) In this the plumula is not yet visi- 
ble. But here is another in a greater state of forwardness — the 
i plumula, or stem, has risen out of the ground, and the cotyledons 
ate converted into seed-leaves. (Fig. 37, No. 3.) 

Caroline, These leaves are very thick and clumsy, and, unlike 
the other leaves, which I perceive are jost beginning to appear. 

Mrs, B, It is because they retain the remains of the parenchyma, 
with which they still continue to nourish the young i»lant, as it has 
fiot yet sufficient roots and strength to provide for its sustenance 
from the soil. But, in this third lupine, (Fig. 37, No. 3.) the radicle 
lifld sunk deep into the earth, and sent out several shoots, each of 

1954, What part of the seed is called cotyledons i 
;MI66. What part is eaUed radicle? 

1256. What part is called plumula ? 

1857. At what temperature will seeds germinate ? 

1968. How would you describe the process of irernrioatioain'iMdi.' 

1«9. What do Nog. 1 and 2 of Fig. 37, represent^ 

im. What does No. 3, in Fl^. 97, lepiesent? 
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'Fig. 37. whicli is famished with a mou& 

to Buck -ap nourishmeiit from 
the soil '^ the function of the 
original leaves, therefore, be- 
ing no longer required, they 
are gradually decaying, and 
the plumula is become a regu* 
lar stem, shooting out small 
branches, and spreading its 
foliage. 

Emify, There seeips to be a 
very striking analogy between 
a seed and an egg ; both require 
an elevation of temperature to 
be brought to life ; both at first 
supply with aliment the organr" 
ized being which they produce ; 
and as this has attained sulpT 
cient strength to procure its 
own nourishment, the eggT 
shell breaks, whilst in the plant 
the seed leaves fall off. 

Mrs. B. There is certainly 
some resemblance between 
P^ 36 and »7, No. I. A B, Cotyledon. these processes; and when 

C, Envelope. 0, Radicle. Fig. 37, No. 2. „^ t^^ «« *,„;«*«j „:*u 

AB,Cotyiedoo8/.c, Plumula. D, Radicle. you become axsquamted wUh 
Fig. 37, No. 3. A B, Cotyledon, c, Piumaia. animal chemistry, you will 

D, Radicle. frequently be struck with its 
analogy to that of the vegetable kingdom. 

As soon afi the yomi^ plant feeds from the soil, it requires the 
assistance of leaves/which are the organs by which it throws off 
its superabundant fluid p this secrefion is much more plentiful in 
the vegetable than in tne animal creation, and the great extent of 
surface of the foliage of plants is admirably calculated for carrying 
it on in sufficient quantities. This transpired fluid consvsls of little 
more than water. The sap, by this process, is Converted into a 
liquid of greater consistence, which is fit to be assin>ilaj.ed to its 
several parts. 

EmUj/. Vegetation, then, must he essentially injured by destroy* 
ing the leaves of the plant. 

Mrs. B. Undoubtedly i it not only diminishes the transpiration, 
bnt also the absorption by the roots ;)for the quantity of sap ab- 
sorbed, is always in proportion to the quantity of fluid thrown off 
by transpiration. You see, therefore, the necessity that a young 
plant should unfold its leaves as soon as it begins to derive its nour«- 
isfarflent from the soil ; and*, accordingly, you will find that those 
lupines which have dropped ihei^ seed-leaves, ani are no longer 
fed by the parenchyma, have spread their foliage, in»order to per- ' 
form the oQce just described. 

1261. What purposes do the leaves of vegetables answer during their 
.growth? \ 

12t)2. What will be the injury to vegetation if the leayes ate de- 
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Bat I should infoim yoa that this fanction of transpiratioii seems 
to be confined toAhe upper surface of the leaves, whilst on the 
«ontoary, the lowor surface, which is more rough and uneven, and 
famished with' a kind of hair or down, is destined to absorb mois- 
ture,! or soeh other ingredients as the plant derives firom the 
atmdsphere. ' 

As soon as a' young plant makes its appearance above groond, 
light,' as well as air, becomes necessary to its preservation. |^Li^ht 
is essential to %he developement of th/3 colors, and to the thriving 
of the plantA You may haxre often observed what a predilectioa 
vegetaUes had for the lij^ht. If you make any plants grow in a 
xoom, they all spread their leaves, and extend their branches to- 
jraida the windows. 

Caro^ne. And many plants close up their flowers as soon as it 
4S dark. 

EmUy. But may not this be owing to the cold and dampness of 
the evening air ? , ^ 

Mrs. B. That does' not appear to be the eas^ ; for in the coune 
of curious experiments, made by Mr. Senebier of Geneva, on plants 
which he reared by lamp-light, he found that the flowers dosed 
their petals whenever the lamps were extinguished. 

Emily. But, pray, why is air essential to vegetation ? Plants do 
pot breat;he it like animals. 

Mrs. B, At least, pot in the same manner ; but they certainly. 
( ^derive some principles from the atmosphere, and yield others to it.. 
Indeed it is chiefly owing to the action of the atmosphere and the 
vegetable kingdom on each other^ that the air continues always fit 
for respiraiioa. Bjit you will understand this better when I hafe 
explained the effect oi water on plants. 

I have «aid that water forms the chief nourishment of plants; it 
is the basis not only of the sap, but of all the yege^le juice3. 
C Water is the yehicle^which carrier into the plajit the various salts 
;and other ingredients required for the formation and support of the 
vegetable systepi. Nor is this all ; part of the water itself is de- 
■composed by the organs of the plant ; the hydrogen becomes a 
constituent part of oil, .of extract, of coloring matter, j&.c, whilst a 
portion of the oxygen enters into the formatioq of mucilage, of 
fecula, of sugar, and of vegetable acids. But the greater part of 
the oxygen proceeding from the decompositioi;! jof the water is con- 
verted into a gaseous state by the caloric disengaged from the 
hydrogen during its condensation in the formation of the vegetable 
materials. In this state, the oxygen is transpired by the leaves of 
plants when exposed to the sun's rays. Thus you ^nd that the 
decomposition of water, by the organs pf the piqi^t^ is not only a 
means of supplying it with its chief ^ngxedient, hydrogen, but ^ 
the same time of replenis^ng the atmojsphere with oxygen, a prin- 
ciple which requires continual renovation, to make up for the great 
consumption of it occasioued by the numerous oxygcjiations^ com- 

1263. How does the under side of leaves differ from the upper tide? 

1264. Of what use is light in the growth of vegetables ? 

1265. Of what use is air in vegetation ^ 

;i266. How are the various salts and other ingredients required for tht 
fonoatioQ and support of the vegetable system earned into plants/ 



bastions, and lespintions, that are oonatantly taking pboe on the 
aorface of the globe.* 

JEmify, What a striking instance of the hannony of nature ! 

Mrs. B. And how admirable the design of Providence, who 
makes every different part of the creation thus contribute to the 
support and renovation of each other ! , 

But the intercourse of the vegetable and animal kingdoms, 
through the medium of the atmosphere, extends still further, f Ani- 
mals^ in breathingr, not only consume the ozyoren of the air, but 
load It with carbonic acid, which, if accumulated in the atmosphere, 
would, in a short time, render it totally unfit for respiration. Here 
the vegetable kingdom again interferes ; it attracts and decomposes 
the carbonic acid, retains the carbon for its own purposes, and re- 
turns the oxygen for ours.f ) > 

Caroline. How interesting this is ! I do not know a more beau- 
tiful illustration of the wisdom Which is displayed in the laws ^f 
nature. 

Mrs. B, Faint and imperfect as are the ideas which our limited 
perceptions enable us to form of divine wisdom, still they cannot 
fail to inspire us with aweund admiration. What, then, would be 
our feelings, were the complete system of nature at once displayed 
before us ! So magnificent a scene would probably be too great for 
our. limited comprehension ; and it is^ no doubt, among fchiS wise im- 

t The foregoing paragraph might mislead the student. Indeed it 
seems to have been written without regard tp proper authorities.— 
For instance, there is no proof that water is decomposed by the 
organs of plants : nor is it in the least degree probable that the 
'oxygen emitted by them owes its gaseous state to the caloric set free 
by thd condensation of hydrogen. Authors on this subject, agree 
that the thickest veil covers the process by which the sap is oon- 
yerted into the several parts of the plaqgp But it has been demon- 
strated, that most, if not all the oxygen emitted by the leaves, is 
obtained by the decomposition .of air, instead of water, as here 
stated. If leaves are exposed to the rays of the snn, while under 
conomon water, they emit oxysen. But if the water is first deprived 
of its air, by an air pump, or by boiling, not a particle of oxygen is 
emitted. Now, atmospheric air always contains a quantity of car* 
bonic acid gas, and experiments show that plants give out oxygen, 
in some proportion to the quantity of this gas contained in the water. 
The fact then seems to be, that plants absorb carbonic acid, that 
this is decomposed by some unknown process ; the plant retaining 
the carbon, while the oxygen is given out. — C. 

f It is a curious fact, demonstrated by experiments, that the leaves 
of plants perform different offices at dij^rent periods of the 24 hours* 
Daring tlvs day t)iey give out water) absorb carbonic acid, and emit 
oxygen gas ; but durmg the night they absorb water, and oxygen 
gas, and give out carbonic acid.-^— C. 

1267. How do animal and .vegetable life mutually support each 
other ? 

1268. What curious faxst is slated qf tAe Uaves qf vegetables in ths 
natef 

1269. What in the organisation of nature is particularly suited to the 
rational powers of man? 
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pensationB of Piotidence, to yeil the splendor of a glory with ^which 
we should be overpowered. But it is well suited to a rational being 
to explore step by step, the works of the creation, to endeayor to 
connect them into harmonious sy8tems|t and, in a wovd, Uk trace, in 
the chain of beings, the kindred ties and benevolent design which 
unites its vsrious links, and secures its preservation. 

Caroline. But of what nature are the organs of plants which are 
endued with such wonderful powers ? 

Mrs, B. They are so minute that their structure, as well as the 
mode in which they perform their functions, generally elude oar 
examination ; but we may consider them as so many vessels or ap- 
paratus appropriated to perform, with the assistance of the principle 
of hfe, certain chemical processes, by means of which these vegeta- 
ble compounds are generatod. We may, however^ trace the tannin, 
resins, gums, mucilage, and some other vegetable materials, in the 
organized arrangement of plants, in which they form the bark, the 
wood, the leaves, flowers, and seeds. 

The hark(\^ composed of the epidermis^ the farenchymay and the 
cortical UofersA 

The epidermi^is the external covering of the plant.) It is a thin 
transparent membrane, consisting of a number of slender fibres, 
crossing each other, and forming a kind of net work. When of a 
white glossy nature, as in several species of trees, in the stems <^ 
com and of seeds, it is composed of a thin coating of siliceous earth, 
which accounts for the strength and hardness of Jthose long and slen- 
der stems. Sir H. Davy was led to the discovery of the siliceons 
nature of the epidermis of such plants /by observing the singular 
phenomenon of sparks of fire emitted by the collision of rattan canes 
with which two boys were fighting in a dark room.\ On analyzing 
the epidermis of the cane, he found it to be almost entirely sihceous.* 

Caroline^ With iron, then, a cane I suppose, will strike fire very 
easily ? % 

Mrs. B. I understand that it will. In evergreens, the epidermis 
is mostly resinous, and in some few plants is formed of wax. The 
resin, froi/'its want of affinity for water ^ tends to preserve the plant 
from the cfestructive effects of violent rftins, severe climates, or in- 
crement seasons, to which this species of vegetables is^ peculiarly 
exposed. 

£Smi/y. Resin must preserve wood just like a varnish, as it is the 
essential ingredient of varnishes, 

Mrs. B. Yes ; and by this means it prevents, likewise, all un- 
necessary expenditure of moisture. , 

The parenchyma is immediately beneath the epidermis ; |t is that 

* In the scouring rush, (Equisetnm hyemale) ihe siliceous epider^ 
mis is still more obvious. If drawn' across a piece of soil metal, as 
silver or copper, it cuts it like a file. It even makes an impression 
on the hardest steel. — C. 

1270« Of what is bark composed ? 

1271 . What is the epidermis ? 

1272. In what manner was Sir H. Davy led to discover the siliceons 
nature of the epidermis of particular plants ? 

1273. How does resin tend to preserve the plants 

1274. What is the parenchyma .' 
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green rind which appears when 3^00 strip a branch of any tree or 
shrub of its external coat or bark. ) The parenchyma i» not confined 
to the stem or branches, but extends over every part of the plant. 
It fonn9 Ihe %reen matter of the leares, and is composed of tubes 
fiUed with a peculiar juice. 

^The cortical layers are immediately in contact With the wood ; 
tney abound wi^ tannin and gallic add, and consist of small ves- 
sels throi^h which the sap deseends after being ekborated in the 
leavesy Th^ cortical layers are annually renewed, the old bark 
beii^ TOnverted into wood. 

Mrs. B. That function is performed by the tubes of the albumnm 
or wood, which » immediately beneath the cortical layers. The 
wood is coim>osed(of woody fibre, mucilage, and resin. )The fibres 
are disposecj^in two ways : some of them longitudinally, and these 
form what is called the silver grain of the worn. The others which 
are concentric are called the spurious grain. \ These last are dispo- 
sed in layers, from the number of which theige of the tree may be 
computed, a new one being produced annually by the conversion of 
the bark into wood. The oldest and consequently most internid part 
of the alburnum, is called heart wood ; it appears to be dead, at least 
no vital functions are discernible in it. It \$ through the tubes of 
the livinff alburnum that the sap rises.' These, merefore, spread 
into the waves, and there communicate ^ith the extremities of the 
vessels of the cortical layers, into which they pour their contents. 

Carolhie, Of what use, th^, are the tubies of the parenchyma, 
since neither the ascending nor descending sap passes through them ? 

Mrs. B, They are supposed to perform the important function of 
secreting from tne sap the pecuhar juices from which the plant 
more immediately derives its nourishment. These juices are very 
conspicuous, as the vessels which contain them are much larger 
than those through which the sap circulates. The peculiar juices 
of plants differ much in their nature, not^ly in different species of 
vegetables, but frequently in different parts of the same individual 
p|l^t ; they are sometimes 8accharine,-as in the sugar-cane, some- 
times resinous as in firs and evergreens, sometimes of a milky ap- 
pearance as in the laufel. 

£kn^. I have ofVen obeeived, that in breaking a young shoot, or 
in bruismg a leaf of laurel, a milky juice will ooze out in great 
abondance. ■ 

Mrs. B. (And it is by making incisions in the bark^ that pitch, tar, 
and tnrpentme* are obtained from fir trees. The durability of this 
species of wood is chiefly owing to the resinous nature of its peculiar 

* Turpentine is obtained as described in the text. But tar and 
pitch are obtained by a very difierent method. A conical cavitr is 
dug in the earth, at the bottom of which is placed a reservoir. Ofer 
this are piled billets of fir wood, forming a large pile. The pile is 
covered with turf to smother the fire which is kindled at the top. As 
the wood is heated, and gradually converted into charcoal, the tar is 

1275. Through what does the sap ascend ? 

1276. Of what is the wood composed ? , 

1277. How are the fibres disposed ? 

7278. Of what use are the tubes of the parenchyma ? 
1279. Hoigr may pilch, tar, and torpentme be cmined ? 
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jvioea. TlMTcdBtfle oik have, in a great DMaauxe, tlieaaiiiepnaer^ 
Tative efiects,' as they defend theparts with which they are ooimeot- 
ed, from the attack of inseets. Thia tribe seems to hare as great an 
aTeraion to perfiimea, as the hamaa specif have delight in them. 
They scarcely ever attack any odoriferous parts of plants, and it is 
not uncommon to see every leaf of a tree destroyed by a b^ght, 
whilst the blossoms remain untouched. Cedar, sandal, and all aro- 
matic woods are, on this account, of great durability. 

Emify, But the wood of the oak, which is so much esteemed lor 
its durability, has, 1 believe, no smell. Does it derive this quality 
horn its hardness alone ? 

Mrs, B. Not entirely ; for the chestnut, thoueh considerably hard- 
er and firmer than the oak, is not so lasting. The durability of the 
oak, is, I believe, in a great measure, owing t<](its having very little 
heart wood,)the alburnum preserving its viUil functions longer than 
in other trees. 

Oaretine, If incisions are made into the alburnum and cortical 
layers, may not the ascending and descending sap be procuzed in 
the same manner as the peculiar juice is from the vessel of the pa- 
leacfayma? 

A6rs, B, Yes ; but in order to <^tain specimens of these fluids, in 
any quantity, the experiment must be made^in the springy^^hcu 
the sap cin^lates with the greatest ener^. For this puppoee a 
small oent glass tube should b^ introduced into the incision, through 
which the sap may flow vnthout mixing with any of the other juices 
of the tree. fVom the barjc the sap will flow much more plentiful- 
ly than from the wood, aa^the ascending sap is much more liquid, 
more abundant, and more rapid in i,ts motion, than that whidi de- 
seends} for the latter having been deprived by the operation of the 
leaves of a oonsiderable part of its moisture, contains a much great- 
er proportion of solid matter, which retards its motion. It does not 
appear that there is any ^ftpess of descending sap, as none ever ex- 
udes from the roots of plants ; this process, therefore, seems to be 
ommed on only in proportion to the wants of the plant, and the sap 
descends no further^ iui in no greater quantity than is required to 
nourish the several organs. Therefore, though the sap rises and 
doBcends in the plant, it does not appear to undergo a real eiicular 

The last of the organs of plants^^^^is the flower , or hloMfiom^ whiek 



dnven out, and runs into the cavity, and finally into the res«cvoir^ 
Tar i^mixtare of restn, ei^ifyreimatic oil, charcoalf and poetic aeidy 
The color is derived from the charcoal. Pitch is made by boiling 
tKBf byi which its more volatile pasta are driven off.'-^X 

m* I > I I I.I .i n ' " ■ ■■■■ . ' — I . . ... 

laSO. On what are the durability of cedar, sandal, and all aiomatio 
wooiU depending? 
12Bt. On what is the durability of oak depending? 
1882. Of what ia tar said in the note to tonsisit 
1283. At what time in the year does the sap circulate with meet en- 

laeSl. Why will sap flow mope plenfUunr from tike tiark than fittn 
the wood? ^ '^ « * 



tion 



1285. Whatistbe ultimate pqipose of saafioe tn the vegjetabieeiqa- 

m ? * 
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prodttOds ihefrmits aad seed,) These diay be considered as the ulti- 
mate purpose of nature in the veg-etable creation. From fruits and 
seeds animals derive both a plentiful source of immediate nourish- 
ment, and an ample prevision for the re-production of the same 
means of subsistence. 

The seed which forms the final products of mature plants, we 
have already examined, as constituting the first rudiments of future 



heee are the principal organs of vegetation, by means of which 
the sevend chemical processes which are carried on during the life 
of the plant are performed. 

JEhul^, But how are the several principles which enter into the 
composition of vegetables, so combined by the organs of the plant, 
as to be converted into vegetable matter ? 

Mrs. B.( By chemical processes, mo doubt ; but the apparatus in 
which they are performed, is so exuremely minute as comjpletely to 
«lude our examination. We can form an opinion, therefore, only 
by the result of these operations. 

The sap is evidently composed of water, absorbed by the roots 
mnd holding in solution the various principles which it derivles from 
the soil. From the roots the sap ascends through the tubes of the 
albnmum into the stem, and thence branches out to every extrem- 
ity of the plant. Together with the sap cireulates a certain quan- 
tity of carbonic acid, which is gradually disengaged from the former 
by the internal heat of the plant. 

Caroline, What ! have vegetables a peculiar heat, analogous to 
xnimal heat ? 

Mrs, B. It is a circumstance that has lons^ been i^uspected ; but 
late experiments have decided beyond a doubt that(vegetable heat 
is considerably above that of unorganized matter in winter, and be- 
low it in summer."^ The wood of n tree in its interior, is about sixty 
degrees when the thermomster is at safenty or eijg^hty degrees in 
the ait. And the bark, though so much exposed, is seldom below 
-forty in winter. 

It is from the sap after it has been elaborated by the leaves, that 
Vegetables derive their nourishment /in its progress through the 
plant from the leaves to the roots, it ueposits in the several sets of 
i^essels with which it communicates^he materials on which the 
growth ahd nourishment of each plant depends. It is thus that the 
yarious peculiar juices, saccharine, oily, mucous, acid, and color- 
ing, are formed ; a£{ also >the more solid parts, fecula, woody-fibre, 
tannin, resins, concrete salts ; in a word all the immediate materials 
of vegetables, as well as the organized parts of plants, which latter, 
besides the power of secreting these from the sap, for the general 
{lurpase sf the plant, have also that of applying tliem to their own 
particular nourishment. 

Ermhf', • But why should the process of vegetation take place only 

1286. How are the several principles which enter into the compo- 
^ion of vegetables so combined by the organs of the plant as to be 
^oiiVierted into vegetable matter ? 

128)'. How does 'the temperature of vegetables compare with that of 
uiiOTganized matter ? 

1886. How are the several pieces as well as more solid parts of veg- 
etables i»rmed ? 

S5 
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at one aeamn of tbe year, whilst a total inaction preyaito dozing' Ae 
other? 

Mrs, B. Heat is sach an important chemical agent, that its ef- . 
feet as such, might perhaps, alone, account for the impnlse which 
the Spring gives to vegetation. But, in order to explain the me*' 
chanism of 3iat operation, it has beei^upposed that the warmth of 
Spring dilates the vessels of plants, aim pioduces a kind of vaounm, 
into which the sap (which had remained in a state of inaction in the 
trunk dunng the winter) rises j) this is followed by the ascent of the 
cap contained in the roots, ana room is thus made for fresh sap, 
whidi the roots in their turn pumn up fit)m the soil. This proces' 
goes on till the plant hlossomS and bears fruit, which terminates its 
summer career; but when the cold weather sets in, the fibres and 
Vessels contract, the leaves wither, and are no longer^ able to per- 
^rm their office of transpiration ; and as this secretion stops, the 
roots cease to absorb sap from the soil. If the plant be an annua], 
its life then terminates ; if not, it remains in a state of torpid inac- 
iion during the winter, or the only internal motion that takes place 
)s that of a small' quantity of resinous juice, which slowly rises firom 
the stem into the branches, and enlarges their buds during the win- 
ter. 

Caroline, Yet, in evergreens vegetation must continttO through- 
out the year. 

Mrs, B. Yes ; but in winte/it goes on in a very imperfect maa- 
.)er, compared to the vegetation of spring and summer.} 

We have dwelt much longer on the history of vegetable chemis- 
try than I had intended ; but we have at length, I think, brought 
the subject to a conclusion. 

Caroline. I rather wonder that you did not resetve the account 
of the fermentations for the conclusion; for the decomposition ot 
ire^etables naturally follows their death, and can hardly, it seems; 
be introduced with so much propriety at any other period. 

Mrs, B, It is difficult to determine at what point precisely it may 
be most eligible to enter on the history of vegetation yevery part of 
the subject is so closely connected, and forms such an uninterrupted 
9hain, that it is by no means easy to divide it. > Had I begun with 
the germination of the seed, which, at first v(ew, seems to be the 
most proper arrangement, I could not have explained the nature and 
fermentation of the seed, or have described the .changes which ma- 
nure must undergo, in order to yield the vegetable elements. To 
understand the nature of germination, it is* necessary, I think, pre- 
viously to decompose the parent plant, in order to become acquaint- 
ed with the materials required for that purpose. I hope, therefore, 
that, upon second consideration, you will find that the order which 
I have adopted, though apparently less correct, is, in fact/ the best 
calculated for the elucidation of the subject. 

--- » r, ,,, -';- , I - • • ■ - ■ !■ 1- 

1289. Why should the prodess of vefgetalion take place only in warm 
Weather ? 

5290. What is the condition of vegetables called evergreens, in the 
season of winter ? 

J 291. Why was 'not tbe fermentation Y>f vegetables ^reserved for tbe 
concluding part of what is'said'on this'istibiect ? ' 
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eONTl^RSATION XXIH. 

O^ THE COMPOSITION OF ANIMAX.S. 

Mrs, B. We have now come to the last branch of chemistry, 
•which comprehends the most complicated order of compound be- 
ings. This ii^the animal creation J the history of which, cannot but 
excite the highest degree of curionty an(]^ interest, though we often 
iail in attempting to explain the laws by which it is governed. 

Emily, But smce a}i animals ultimately derive their nourishmrat 
from vegetables, the chemistry of this order of beings must consist 
merely iiTthe conversion of vegetable into animal matter. ) 

Mrs. B, Very true ; but the manner in which this is efifected is, 
^n a erreat measure, concealed from our observation. This process 
i& wled afumalizatian, and ;is performed by peculiar organs. The 
difference ofrthe animal and vegetable kingdoms does not, however, 
depend merely on a diffex^tarrangement of combinations. A new 
pnndple abounds in the animal kingdom, which is but rarely and in 
very » small (quantities found in vegetables ; this is nitrogen. There 
is like^ivise'in animal snbst^ees a greater, aiid more constant pro- 
portion 6£ ptMSphorie add, and oSier -saline matters* Bat these 
are not essential to the formation of animal matter. 

Qxroline. Animal compounds contain, then, four fundamental 
principles ;f oxygen, hydrogen, carbon, and nitrogen.'^ 

Mrs, B, Yes ; and these form the immediate materials of ani- 
mals, which 9xe/gef4atne, aUntmen, and fibrine,^, 

Emily. Are those all? I am surprised that animals should be 
composed of fewer kinds of materials than vegetables : for they 
appear much more complicated in their organization. 

Mrs. B, Their organization is certainly more perfect and in^- 
cate, and the ingredients that occasionally enter into their compo- 
sition are more numerous. But notwithstanding the wonderful 
variety observable in the texture of the animal organs, we find that 
the original compounds, from which all the varieties of animal mat- 
ter are derived, may be reduced to thfe three* heads just mentioned. 
Animal substances being the most comp}icated of all natural com- 
l^ounds, are most easily susceptible of decomposition, as the scale 
of attractions increases in proportion to the number of constituent 
principles. Their analysis is, however, both difficitlt and imper- 
fect (por as they cannot be examined in their living state, and are 
liable to alteration immediately after death,} it is probable that 
when submitted to the investigation of a chemist they are alwa3rs 

* These axe the principal ingredients of the soft parts. But in 
addition to these, animd substances contain coloring matter, of 
blood, mucous, sulphur, phosphorus, earths, alkalies, oils, adds, resins, 
and several others which it is unnecessary to specify .---C. 

1292. What forniB the subject of the 23d converaation I 

1293. What is animalization ? 

1294. What do animal compounds contain ? 

1295. What are the immediate materials of animals .' 

1296. On what account is the analysis of animal compounds difficult 
and imperfect.' 
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more or leas altered in tkeir eombinatioitt and properties, from wliaft 
they were, whilst they made part of the living anmiai. 

Emiiy. The mere diminution of temperaUire, whidi they experi- 
ence by the privation of animal heat, must, I should suppose, be suf- 
ficient to derange the order of attractions, tftiat existed during life. 

Mrs, B. That is one of the causes, no doubt ; but there are many 
other circumstances whidi prerent us from studying the^iiatore of 
living animal substances. We must, therefore, in a considerahis 
degree, confine our researches to the phenomena of these componnds 
in their inanimate state. 

These three kinds of animal matter, gelatine^ albamen» S94 
fibrine, form the basis of all the various parts of the animal ^ydem; 
either solid, as the $Hn^ f^<i nfiroeSf membranes^ cottages ^ and 
hones ; or fluid, Uood^ chyle, na&, mucous, the gastric and pancreatk 
juices, bile, perspiration, saliva, tears, &c. 

Caroline. Is it not 8urpri»ng that so great a variety of substances^ 
and so different in their nature, should yet all arise from so few ma- 
terials, and fVom the same original elements > 

Mrs. B. The difierence in the nature of various bodies depends^ 
as I have often observed to you /rather on their state of combination, 
than on the materials of .which Ihey are composed .A Thus, in con- 
sidering the chemical nature of the creation in a general point of 
view, we observe that it is throughout composed of a very small 
number of elements. But wh^ we divide it into the three king- 
doms, we find that, in the mineral, the combinations seem to resmt 
from the union iQif.^e dements usually brought together ; whilst in 
the vegetable and animarkihgdoi|i90,'tbe attractioQj^ ^e ^e^r^fSj^X^ 
and regularly produced by appropriate organs, whose action de^ 
pends on the vital principle. And we may further observe, that 
by means of certain spontaneous changes and decompositions, the 
elements of one kind of matter become subservient to the repra»> 
duction of another : so that the three kingdoms are intimatehr con- 
nected, and constantly contributing to the preservation of each 
other. 

Emily. There is, hoi^ever, one very considerable class of ek^ 
ments, which seem to be confined to the mineral kingdom. I mea]| 
metals. 

Mrs. B. Not entirriy ^ they are found, though in very minute 
quantities, both in the animal and vegetable kingdoms. A small 
portion of earths and snl^^ur enters also into the composition of 
organized bodies. Phosphorus, however, is almost entii^y confinc^f 
to the animal kin^om ; and nitrogen, with bat few exceptions, is 
extremely scarce m vegetables. 

Let us now proceed to examine the nature of the three principal 
materials of the animal system. 

^ Gelatine or jeity, is the chi^ ingredient of skin) and of all the 
membranous parts of animals. '. It may be obtained from these sub- 
stances, by means of boUinff wateiy undeiTthe forms of glue, mti^ 
isinglass and transparent jeUy.| ^ 

1297. On what does the difibrence of nature in various bodies chieflj 
depend .? 
. 1*298. What is gelatine or jelly ? 

1299. From what is it obtained i 

1300. Under whatjgypns does it exist wh^n obtainej ? 
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Gtrahne, But these are of a very difkrent nature ; they cannot, 
tfasrefi^re, be all pur^i o-elatine. 

Afr«. B. Not entirely, but very nearly so. Glue* is extracted 
firom the skin of animajs. Size is obtained either from skin in its 
natural state, or from leather. Isinglass is gelatine/procured from 
a particular species of fishV it is, you know, of this substance that 
the finest jelly is made, ana this is done hyl merely dissolying the 
isiofflass in boiling water, and allowing the solution to oongeaI.^ 

&mhf. The wine, lemon, and spices, are, I suppose, added tmly 
to flavor the jelly. 

Mrs. B, Exactly so. 

Carohne. But jelly is often made of hartshorn shavings, and of 
calves* feet ; do these sub8tances<<M)ntain gelatine ? * 

Mrs. B. Yes. Axelatine may bet^btained fi^om almost any ani- 
mal substance, asJt enters more or jess into the composition of all 
of them. "N The process for obtaining it is extremely simple^ as it 
consists merely :in boiling the substance which contains it with wa- 
iter. — ^The gelatine dissmves in water, and may be. obtained of any 
degree of consistence or strength, by evaporating this solution. 
Bones in particular produce it very plentifully, as they consist of 
phosphat of lime, combined or cemented by gelatine. Horns, which 
are aaneoies of bone, will yield abundance of g^la^ne. The horns 
•of the hart are reckoned to produce gelatine of the finest quality ; 
they are reduced to the state of shavings, in order that the jelly may 
be more easily extracted by the waters. It is of hartshorn shafvings 
ihat the jellies for invalids are usually made, ac3 they are of very 
easy digestion. 

Caroline. It appears singular that hartshorn, ^hic^ yidds ^uch 
«. powerful ingredient as ammonia, should at the same tune produce 
so mild and insioid a substance as jelly ? 

Mrs. B. And (what is mqre surprising) (ft Is from the gelatine 
of bones that ammonia is produced.^ You must observe, however, 
that the processes, by which these two substances are obtained from 
bones, are very different. By the simple action of water and heat, 
the gelatine is separated ; but in otdeir to procure the ammonia, or 
what is commonly called hartshohi, the bones must be distilled, by 
which means the gelatine is decomposed, and hydrogen and nitro- 
gen combined in the form of ammonia. So 'ihat the first operation 
IS a mere separation of ingredients^ Whilst the second requires a 
<^emical decomposition. 

Carohne. Bat when jelly is made from haartshom shaving^, what 
becomes of the phosphat of itime which oonMitutes the other paxt o(f 
hones? 

(* Bones, muscles, tendons, ligaments, membranes, and skina, all 
ei them yield glue. But the besl^ i^ made i^om the skin of old ani- 
mak;/-€. . 

1301. From what is the best glue Bi/^euttdf 

1302. From what is JsiaglasB obtain;&d? 

1303. What is the process' of obtaining gelatine ? 

1304. From what is the best gelatine obtained? 

1305. From what is ammonia produced ? 

25* 
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Mn. ^.fttiseaailjrflepaxitodiivslraiiim^. I Batthejdlyisafte^ 
waidB mowperfectly purified, and rendered ifaiDsparent, by viMmf 
whites i^eggs, which being ciiagnkied by heat, lises to tlie smftoe 
along with an;|r impniitieBJ 

iSnikf, I wdnder that bones ase not used hf the coounon peopls 
to make jelly ; « great deal f^i wboleaome nourishment might, 1 
should supposev be procured £rofli then, though the jelly would po^ 
haps not be ^ite so good as if prepared from hartshorn shavings. 

Mrs. Bi Th^ is a pfejndioe among the poor against a species 
of food that is usually thrown to the dogs ; and as we cannot expect 
them to epter into chemical considerations, it is in some deeree ei- 
cusable. { Besides, it ijtquiies a prodigious quantity x>f fuel to dis- 
solve bones and obtain the gelatine from them. ) 

The solution of bones in water is greatly promoted by an accu- 
mulation of heai. llria may be eflfected by means of an extremely 
strong metallic VesseL called Papin's digester^ in which the bones 
and water are enclosed, wtt)iout any possibility of the steam making 
its escape. A heat can thss be applied much superior to that of 
boiling water ; and bones, hj this means, are eompletely reduced 
to a pulp. But the proceiis still consumes too much fuel to be gen- 
erally adopted angiong the bwer classes. 

* CaroUne. And why should not a manufacture be established for 
grinding or macerating bonef, or a4 least for reduoin? them to tlw 
state of shavings, when, I iiipposfli« t^y would dissolve as readily 
as hartshorn shavings I 

Mr$,B, They could n^tbe coHected clean for such a puipose; 
but they are not lost, as they are used for making hartshorn, and 
sal. ammoniac ; and such is the superior ij^cience and industry of 
this country, that we now send sal. ammoiiiac to the Levant, thoogii 
it originally came to us from Egypt. 

Emily, When jelly is Qiade of isinglass, does it leave no sedi- 
ment? 

Mrs, B, No : nor does it so much as requiss .clarifjring, as it con- 
sists almost entirely of pure gelatine, and any foreign matter that is 
mixed with it, is thrown off during the boiling in t^^ form of scorn. 
These are processes which you may see performed in great perfe^ 
tion in the culinary laboratory, by that verf able and most usefol 
chemist, the cook. 

Caroline. To what an immense variety of parpoaqs chemistry is 
subservient! 

Emily. It appears, in that respect, to have an advantage over 
most otner arts and sciences ; for these very o^aa have a tendency 
to confine the imagination to their own particular object ; whilst the 
pursuit of chemistry is so extensive and diversified, that it inspires 
a general curiosity and a desire oi inquking intoi the. nature of every 
object. 

Caroline, I suppose that soup is likewise composed of gelatine') 
for when cold, it often assumes the consistence of jellvi^ 

Mrs. B. Not entirely ; for . though soups generally contain s 

1306. What becomes of the phosphat of lime when jelly is made ftm 
the shavinfiTs of hartshorn ? 

1307. What obstacle is there to converting bones into gelatine kc 
food? 

1308. For what may bOnes be advantageously used ? 

1309. Of what are soups composed } 
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quantity of the gelattne^e most esseatiri ingredient fe A tancOBjDr 
extnctiYe matter, a peculiar aniihal sabstance, very aolable in wa- 
ter, which has a strong taste, and is Bfore nourishing than ^latine.. 
IThe various kinds of portable soup consists of this extraeUTO mat- 
ter in a dry state, which, in order to be made into soup, requires 
only to be dissolved in water. 

uelatine, in its solid state, is a semiductile, transparent sub- 
stance, without either taste or smell, ^hen enosed to heat, in 
contact with air and water, it first swi^Ile, then fuses, and finally 
4>irrns. You may have seen the first part of this operation perform- 
ed in the carpenter^s glue-pot. 

CaroHne. JSut vou said that gelatine had no smell, an4 glue has 
atery disagreeame one. 

i&j. B. Glue is not pure gelatine ^as it is not desigiied for eat- 
ing, it is prepared without attending trihe state of the ingredients, 
which are more or less contaminated by particles tha( have be- 
come putrid^ . 

Qelatine ma]{be precipitated from its solutions in water by al- 
oohol%-4-We shall tnr this experiment ^th a glass of wann ielly. — 
You Bee that the gelatine subsides by |.he union of the ateohol and 
the water. 

Emib/, How is it, then, that jelly is flavored wit^ vine, without 
pioducmf? 4ny precipitation ? 

Mrs. B. '^flecause the alcohol contained in the wine is already 
combined w*th water and other ingredients, aj^d is, therefore, not 
at liberty to act upon the ielly as when in its separate state .^1 Qela- 
tine is soluble both in acids and in alkdies ; the former, you know, 
are frequently used pf> season jellies. 

Oaroiine. Among the combinations of gelatine we must not for-^ 
set one which you formerly mentioned ; that witji tannin, to ibrm 
leather. 

Mrs. B. True ; bu^ you must obeerve that leather can be pro- 
duced only by gelatine in a membranous state ; for though pure 
platine and taimin lyill produce a eubstance chemically similar to 
leather, yet the texture of the alfin is requisite to make it answer 
the useful purposes of th^t substance. 
^ The next animal eubntaooe ^e are to examine is aUmmen : this, 
although constituting a .^art of inost of the animal compounds, is 
frequently found. insulateij ii^ t\» animal system ; the whites of 
eggs, for instance, consists almost entirely of albumen : the sub- 
stance that 'oomposes the nerves, the serum, or white paii of the 
blood, and the curds of milk, are little else than albuiiBien, various- 
ly modified. ^ 

In its most simple state, albun^^ appears in the fotm of a tran^ 
parent, viscous fluid, possessed of no dis^nct taste or jimell ; it co- 
agulates at the low temperature otfX65 ^egrees ; and when once 
solidified, it wUl never return to its flnid state. 

Sulphuric acid and alcohol are each of them capable of coagu- 

1310. How does common glue differ foom gelatine ? 

1311. What efiect will alcohol have oA gelatine in water.' 

1312. Why will not wine, which contains a portion of alcohol, pro* 
duce precipitation when put into jeUy ? 

1313. What is albumen? 

1314. At what temperature will it coagulate ' 
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ktiBg ai hniwi in the nme muuier as heat, as I am going to ebow 
you. 

I3mify. Exactly so. — ^Pray, Mis. B., what kind of action is th«re 
between albumen and silTer ? I have sometimes obseired, that if 
the spoon with which I eat an egg happens to he wetted, it beeom^ 
tarnished. . 

jifrf. B.fh is because the white of an egg (and, indeed, albor 
men in gemral) contains a little sulphur^ which, at the tempeiar 
ture of an egg just boiled, will decompose the •drop of water that 
wets the spoon, and produce sulphuretted hydrogen gas, which has 
the property of tarnishing silver. 

We may now proceed to fibrine, [This is an ittfli{»d and inodorous 
substance, having somewhat the a{>^arance of fine white threads 
adhering together ; it is the essential constituent of muscles, oi 
flesh, in which it is mixed with and soflened by gelatine.) It is in- 
soluble both in virater and alcohol, but sulphuric acid converts il 
into a substance very analogous to gela|ioe. 

These are the essential and genera) ingredients of animal mat- 
ter ; but there are other substances, which though not peculiar to 
the animal system, usually enter into its composition, such as oils, 
acids, salts, he. 

Animal oil is the chief constituent iof &t ; it is contained in 
abundance in the cream of milk, whence it is obtained in the fom 
of butter. • 

JEmt^, Is animal ofl the same in its composition as vegetable 
oils ? ^ 

MrSt B, Not the same but very analogous, ^he chief diflei'' 
ence is that animal oil contains nitrogen, a principle which seldom 
enteis Into the compostition of vegetable oils, but never in so large 
a propqtiion. \ 

Tli£re are few aninial acjds, that is to say, acids peculiar to ani- 
mal matter, from which they are almost exclusively obtained. 

The anim^ acids have triple baseq^of hydrogen, carbon, and ni- 
trogen : some of them are found native in animal matter ; others 
are produced during its decomposition^ 
^ Those which we find ready formed, are, — 
( The bombic add, which is obtained iirom silk-worms. 

The formic acid, from ants. 

The lactic add, from ()ie whey of milk. 

The sebacic, from oil or fat. ) 
f Those produced during the decomposition of animal substances 
by heat, are the prtusic and xoonic acids. This last is produced by 
the roasting of meat, and gives it a brisk flavor. ) 

Caroline. The class of animal acids is not velry extensive^ 

Mrs. B. No ; nor are they, generally speaking, of grdat impor- 

13i5. Why is silver tarnished by the white of an tgg ? 

1316 What is fibrine ? 

1317. What is the djc/rerence between vegetable and animal oil .' 

1318. What are tlie'ftttues of animal acids ? 

13i9. What are the names of those found in animal substanoes al- 
ready formed .' 

1^. What are those; produced during the deCompositton of ani« 
mal substances .' ' 
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tanee. The prustic add,'* I think the .^ly one s i rfteiegU y inteiest- 
iog to require any further comment. It can be formed by an arti- 
ficial process without the presence of any animal matter ; it may 
likewise be obtained from a variety, of ^Vegetables^ particularly those 
ofthenarootiekind, such as poppies, lauriql, &c. But it is common- 
ly obtained vfirom blood, by strongly heating ^that substance with 
eausticrpotash ; the alkali attracts the acdd from^the blood, and forms 
m\h\^&.prussiat of potash. From this state of co^ibinatioa the 
prossjc acid can l>e obtained pure by means 4>f other substances 
ii^ch have the power of separating it firom the alkali. 

Emify. But if this acid does not exi«t ready formed in blood, how 
ban the alkali attract it from thence ? i 

Mrs, B, It is the triple basis only of this acid that exists in the 
ibiood ; and this is developed and brought to the state of acid, during 
the combustion. The acid, therefore, is first formed, and it after- 
wards combines with the potash. 

Emitu, Now I comprehend it. But how can the prussic add be 
artifidaily made ? 

Mts. 6, CBj passinff ammoniacal gas over red hot charcoal ; and 
hence we learn that the constituents of this acid are hydrogen, ni- 
trogen, and carbon.^ The two first are derived from the volatile 
alkali, the last from the combustion of the charcoal. f 

Caroline, But this does not accord with the system of oxygen be- 
ing the principle of acidity. 

Emih/, The Coloring matter of Prussian blue is called an add, 
because it unites with alkalies and metals, and not from any other 

'^I'russic add can be obtained from Prussian hlneyprussUa of 
iron) by the following process, /^ake 4 ounces of Prassian blue, 
pulverize it finely, and mix withHt 2 and a half ounces of red oxide 
of mercury (retf precipitate) boil the mixture with 12 ounces of wa- 
ter in a glass veteel, frequently stirring it with a stick. Filter the 
solution, which is a prussiat ofmercuiy, and is formed by the trans- 
fer of the prussic acid, from the iron to the mercury. Put this solu- 
tion into a retort, and add to it two ounces of clean iron filings' and 
six drachm^f sulphuric acid, and distil ofiftwo and a half ounces of 
prussic add J This process requires a good apparatus, and ought not 
to be undertaken by any one who has not a loiowledge of practical 
iohenustry. The fumes during the distiUation ought carefully to be 
^kvoided as poisonous. Prussic add has of late been much .used in 
inedicine, as a remedy, in consumption, hooping cough, &c. — C. 

fThe basis of "prussic acid, has of late years, been ascertained 
hj M. Gray-Lussac, to be a combination of azote and carbon, which 
he has caUed cyanogen. This compound, when combined with hy- 
drogen, form3 iMTussic acid, or as it is now called, hydroxy amc aad, 
rare cyanogbn, in'the state of gas, may be obtained from prussiat 
of mercury oy distillation. 

'1321. 'Hdw uS pf tunic acifi obtained? 

1323. Uaw is U mentioned in the note that prussic add an he obtained 
from Brvssian hl^ef k ^ \ 

1323. Does this acid exist akeady formed in the blood ? * W ^ } 
' 1324. How is it asoertfuned that the iponstituents of pmBOc acid are 
%^lTegen',-and nitrogen, stnd carbon ? 
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liinnwitffirfgtifr pmerties of aeida ; perluips the name is not tiltMf 
■ appropriate. JBiit this drcamstanoe, togeth^ with abine oChen of 
the same kind, has induced several chemists to think diat oxygen 
may not tw the exclasive generator of acids. Sir H. Payy, I have 
already ipfornied yoa, was led by his experiments on dry aeids to 
suspectTthat water iftight be essential to acidi^. | And it is the 
opiniofi of some chemists that acidity may possibly depend rather 
on t)ie arrangement than on the presence of any particular p^no- 
ples. .But we ^ave not yet done with the prussic acid. It has a 
strong affinity for metallic oxyds, and precipitates the solntions of 
iron in acids of a blue color. This is the Prussian bluQ, or ptiossiat 
of iron, so much used in the arts, and with which iHhmk younmst 
be aoquaiDted. 

Ermly. Yes, I am ; it is much used in planting, both in oil and in 
water colors ; but it is not reckoned a permanent oil cplor. 

Mrs. B. That defect arises, I believe, in general,ttrom its being 
badly prepared, which is thei^^e when the ir^n is not so fully oxy^ 
udated as to.fcmn a red oxyd.fwor a sdution of green os^yd of irop 
^in whish the metal is more sfighitiy 'oxydatedj makes c^y a pale 
green, or even a white precjLpitate, ^th pri^iat of potash ; and thip 
gradually changes to blue by being exposed to the aix^ as I can ^»- 
mediately show vour)^ ' 

Carome. It aJreaify begins to assume a pale blue color. Bat 
how does the air produce this change ? ^ 

Mrs. B, By oxydating the iron more perfectly, /if we pour some 
nitrous acid on it, the blue color will^be immediafely produced, as 
the acid will yield its oxygen to the nrecipitate, and fully saturate 
it with this principle, as you shall see J 

Caroline. It is very curious to see^a. color change so instantane- 
ously. 

Mrs. B. Hence you perceive that Prussian blue cannot be a per- 
manent color, unless prepared with red oxyd of iron, since by ei- 
posure to the atmosphere it gradually darkens, and in a short time 
IS no longer in harmony with the other colors of the painting. 

Caroline. But it can never become darker by exposure to the 
atmosphere, than the true Prussian blue, in which the oxyd is pe^ 
^tly saturated. 

Mrs. B^. Ceitaialy not. But in painting, the artist, not ^reckonr 
ii^ upon partial alterations in jj^is boioxj^t gives hi^ blue tint^ that 
particular ,shade w^ich harmonizee with .the rest oKthe picture. If, 
afterwardjs, those tints become darker, the harmony of the qsloring 
must necessarily be destroyed. 

Qzro/tn«^Pray of what nature is the paint, called carmine? 

Mrs. BjI^ is an animal color, prepared from cochineal, an insect, 
the infusion of whic^ produces a verv beautiful red.*} 

Caroline. While we are en the subject of colors, rshould like to 
*know what ivory black is ? 

* Carmine is obtained by prec^>itating the coloring matter fiom 
an infusion <of the insect by means of a solution of tin.— O. 

1325. To what opiBioa was Sir H. Dayy led respecting acidity f 

1326. Why is not Prussian blue a permanent oil color? 

1^- In what way may Prussian blue be made a permanent color ? 
1328. From what is carmine prepared ? 
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Mrs. sJlt is a carbonaceous substance obtained by the' combus- 
tion of ivory. \ A more- common species of black is obtained from 
the burning of bone. 

Caroline. But during the 'combustion of ivofy or bone, the car- 
ooB, I should have imagined ,^most be converted into <^bonic acid 
gas, instead of this black substance ? 

Mrs. B. In this and in most combustions*, a considerate part of 
the carbon is simply volatilized by the heat, and again obtained' 
concrete on cooling. This color, therefore, may be called the soot 
produced by the burning of ivory or bone. 



CONVERSATION SlXIY. 

ON THE ANIMAL ECONOMT. 

Mrs. B. We have now acquired some idea of the various mate- 
ilals which cdmpoq^ the animal system ; but if you are curious to' 
know in what manner these substances are formed by the animal 
organs from vegetable, as well as from animal substances, it will be' 
necessary to have some previous knowledge of the nature and func- 
tions of these orphans, without which it is- impossible to form any 
distinct idea of the process of (mimalizatu>n'arianiUrition, 

Caroline. I do not exactly understand the meaning of the word 
animalitetion. 

Mrs. B. Animalization is the process by which the food is assinu-' 
lated^ that is to say, converted into animal matter ; and nutrition is 
f that by which the food thus assimilated is rendered subservient to- 
the purposes of nourishing and maintaining the animal system. ) 

^ihf. This, I am srure, must be the most interesting of all the 
branches of chemistry ? 

Caroline. So I think ; particularly as I expect that we shall hear 
Something of the nature of respiration, and of the circulation of the 
blood? 

Mrs. B. These functions undoubtedly occupy a most important 

place in the history of the' animal economy, tf ut I must previously 

give you a very short account of the principal organs by which the 

various operations of theanimal system are performed. These are : 

^The Bones, 

Musdes^ ^ '^ 

Blood vessels, 
JLMfnphatic vessels. 
Glands y and 
Nerves. ) 
The bones are the most solid part of the animal frame, and in a 
great measure determine its form and dimensions; You recollect, I 
suppose, what are the ingredients which-enter into their composition. 

1329. How is ivory black made ? 

1330. What is the subject of the 24th Conversation ? 

1331. What is nutrition } 

1332. What are the principal organs by i^hich the Various operations ' 
of the animal system are penormed ? 
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Gg^&iM. 7ek;/phoBphat of lime eemented by gelatine. ) 

Mrs. B* Doiinff the earliest period of animal life, they ooDsist 
almost entirely of gelatinous membrane, having the form of the 
bones, but of a loose spongy texture, the cells or cavities of which 
are destined to be filled with phosphat of lime ; it is the gradual 
acquisition of this sidt which gives to the bones their subsequeot 
hardness and durability. lufants first receive it from their mother's 
milkvand afterwards aerive it from all animal and from most vege- 
table .Ibod, evpecially farinaceous substances, such as wheat fioar, 
which contains it in sensible quantities. A portion of the phosphat, 
after the bones of the infaiit have been sufficiently expanded and" 
solidified, is deposited in the teeth, which consist at firat only of a 
gelatinous meinbrane, or ease, fitted for the reception of this salt; 
and which, afier acquiring hardnesd within the gum, gradually pro- 
trudes from it. 

CaroHne. How Vfery curious thid is ; and how ingeniously nature 
has provided for the solidification of such bones as are immediately 
wanted, and afterwards to tKe formation of the teeth, which would 
not onlif be useless; but detrimental in infiincy. 

mral B. In quadrupeds, the phosphat of lime is deposited tike- 
^ise in their horns, and the hair or wool with which they are ge'iH 
eraily clothed. 

In bird^ it serves also to harden the beaks and the quills of their 
feathery. 

When animals are arrived to a state of maturity, and their bones 
have acquired a sufficient degree of soUdity, the phosphat of lim6' 
^hi6h is taken with the food is seldom assimilated, excepting when 
the female nourishes her young ; it is then all secreted into the 
milk, as a provision for the Vdn&i bones' of 4;he nur^hxg. 

Emihf. So that whatever becomes superfluous in one being, isf 
lomiediately wanted by another; and the child acquires strength 
precisely by the species of nourishment which is no longer necessa- 
ry to the mother. Nature is indeed on admirable economist ! 

Caroline. IVay, Mrs. B., does not the disekser in the bones of 
Children, called the rickets, proceed ftioL a deficiency of phosphat 
dflime? 

Mrs. B. I have heard that this disease may arise from two caas- 
es ;cit is sometimes oCc^ioned by the 'growth of the muscles being 
tibo rapid in proportion to that of the bones; Iir this^ case the weight 
df the flesh \& greater than the bones' can support, and presses' upooi- 
them^so as to produce a swelling of the joi^fts, ^wiiich is the great 
indication of the rickets. ) 

The other cause of this disorder iff supposed to be an imperfect di- 

1333. What are the ingredients thai enter into the composition of 
bones f 

1334. What ^ves to bones their hardness and durability ? 

1335.- What is the state of bones in thief early periods or animal life? 
^ 1336. Whence is the phosphat of lime necessary in the fi^rinationof 
oiornes obtained ? 

1337. How are teeth formed ? . 

1338. What gives the horns of quadtupeds'ahd the beaks 'and quills 
of birds their ij^ardness ? . 

1339. When is the phosphat of lime assimilate in adult i 
1849. How is the disease called- nchiefs occasioned f 
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gcstion and assimUation of the food) attended with an excess of add, 
which counteracts the formation of the phosphat of lime. In both 
instances, therefore Jcare should be taken to alter the child's diet,') 
not merely by increasing the quantity of aliment containing phosphat 
of lime, but also by avoiding all food that is to turn a3d on the 
stomach, and to produce indigestion. But the best preservative 
against complaints of this kind, is, no doubt, good nursing ; when 
a child has plenty of air and elcercise, the digestion and assnnilation 
will he properly performed, no ^cid Will be produced to interrupt 
these functions, and the muscles and bones will grow together m 
just proportions. 

Caroline, I have oHen heard the nckets attributed to bad nursing, 
bat I never could have ^^uessed what, connexion there was betweenu 
exerdsHS and the formation of the bones. 

Mrs, B. Exercise is generally beneficial to all the animal func- 
tions. If man is destined to labor for his subsistenoe, the bread - 
which he earns is scarcely more essential to his heahh and preser- 
vation than the exertions by which he obtains it. Those whom the 
gif\8 of fortune have placed above the necessity of bodily labor, 
are compelled to take exercise in some mode or other, and when 
they cannot conveit it into amusement, they must submit to it as a 
task, e^ their health will soon eitperieuce the efSdCta of their indo- 
lence. 

JEnuh, That wiSi never be my case ; for exercise, unless it be- 
comes fatigue, always gives me pleasure ; and so far from being a 
task, is to me a dburce of daily enjoyment. I oflen think what a 
blessing it Is, thdt exercise, which is so cimducive to health, should 
be so ^lightiu! ; Ivhllst fatigue, which, is rather hurtful instead of 
pleasure, occasions rather painful sensations. So that fatigue, no 
doubt, was intended to moderate our bodily exertions, as satiety puU 
a limit to OUT appetites. 

Mrs, B, Certainly. — But let us not deviate too far from our sub- 
ject. The bones are connected together ^)y ligaments, Vhich con- 
sist of a white^ thick flexible substance, aahering to their extremi- 
ties so far as to secure the Joints firmly, though without impeding 
their motion. And the joints are, moipBover, covered by a solid, 
smooth, elastic white substance, called ^or/t/flo-g, jthe use of which 
ia to allow, by ite smoothness and elasticity, the -bones to slide easi- 
ly over one another, so that the joints may perform their ofiice witl\^ 
out difiiculty or detriment. 

Over the bones the muscles are placed ; they consist of bundlea oC 
fibres, which terminate in a kind of string, or ligament, by whic^i^ 
they are fastened to the bones. The muscles are the organs ojC 190% 
tion ; by their power of dilation and contraction, they put iiUp ac-. 
tion the bones which act as levers in all motions of the body, and( 
form the solid support of its various parts. . The muscles^ ere of va-. 
rious depees of strength or consistence, in di^Terent spades o( ani;„ 
mals. f he mammiferous tribe, or those that sackle their, yoning,^ 
seem, in this respect, to occupy an intermediate place betwoen birds^ 
and oold-blooded animals, such as reptiles a^d fishes.. 

Emify, The difi^erent degrees of firmness and solidity in the mus^ 

1341. What precaution may be taken against, this dj^eajn} ? 

1342. How are the bones of an ammal system eosfyifid V>|p^ther T 

1343. By what are the jointa coveted ? 

1344. By what axe the organs of motioja^ 
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cles of these 8e?enl species of aniraak, proceed, I imagiiip, fironi thar 
difl^nt natare of the food on which they sabsist. 

Mrs. B. No, that is not supposed to be the case; for the human 
species, who are of Ihe mammif^rous tribe, Uto H>n more substan- 
tial food than birds ; and yet the latter exceed them in muscular 
strength ; but lei us now ptoceed In the examihation of the animal 
functions. 

. The next class of organs is tha^ of the veiseh of the body, the of- 
fice of which is to convey the •various fluids throughout the frame. 
These vessels are innumerable*. The most considerable of them are 
those through which the blood circulates, which are of two kinds; 
the artme$ wMdi convey it from the heart to the extremities of the 
bod|y,^nd th^ veins which bring it back into the he^rt.'^ 

Besides these, there are a Rutis^ous set of small traiispareot^es- 
aels/destined to absorb and convey different fluids into the blood v 
thejTsre generally called the absorbent or fymphajtic vessels ; but u 
is to a portion of tbem only, that the function of conveying into the 
blood the fluid called lymph is assigned. 

Erniiy. Pray what is the nature of that fluid ? 

Mrs, B, The nature and use of the lymph have, I believe, never 
been perfectly ascertained ; but it is supposed to consist of matter 
that has been previously anin\alized, and which afler answering the 
porpoBC for which it was intended, must, in regular rotation, make 
way for the fresh supplies produced by nourishment. The lympha- 
tic vessels pump up this fluid from every part of the system, and 
oonvey it into the veins to be mixed with the blood which runs 
through them, and which is commonly called venous blood. 

Caroline. But does it nqt again enter ii^ the animal system 
through that channel ? 

, Mrs. Bi Not entirely : for the venous blood does not return into 
the circulation until it baa undergone a peculiar change, in which 
it throws off whatever is become, useless. 

Another set of absorbent vessels pump u^ the chyle from the 
stomach and intestines, and ponvey it, afte^ many circumvolutions, 
into the great Vein near the hearU* 

Emily. Pxay , what is chyle i 

Mrs. ^. tit 4s the substance ^into whi(^ food is converted by di- 
gestion!^ , 

CaroRne. One heX of the absorbent vessels, then, is employed in 
bringing away the old materials which are no longer fit for use : 
whiGit the other set is busy in conveying into the blood the new ma- 
terials that are to replace them ? 

* This is a mistake. The chyle is conveyed into the trunk of the 
labsorbent system, called by anatomists the thoTdidc duct. This runs 
in a terpentine direction alon^ the internal side Of the back bone, up 
to the svbdaman vein^ which lies under the collar bone. Into this 
vefn the ehyle is discharged, and mixes with the blood, and- before 
it reaches the heart, it is converted into blocNi itself. -r-C. 

' ' ■ '' ■ ' ■ ' ' 7-; — r 

1.345. For what porpose are the arteries ? C^trvvv-Cn ("^'-r r 1 
3346. For what purpose are theveins? ^^ 

i:i47. For what purpose are lymphatic vessela ? J 

1848, What is chyle .> 



OF THK ASntAL ECONOVT. 399 

2M^. "What a great variety of ingredients most enter into the 
■compoaition of the blood. 

Mps, B, YouDiast observe that there is also a, great variety of 
^abstanees to be secreted from it. We niay compare the blood^to 
jt general -receptaele or storehouse for all kinds of commodiU^,') 
which are afterwards fashioned, arranged, and disposed of, as cdr- 
-conistaaces require. . ° 

There is another :set of absorbent vessels in females, whiich is des- 
tined to «ecr%te milk for the nourishment of the young. 

JSmibf., Pray, is not ifidk very analogous in its composition to 
blood; for, since ihe nursling derives its nourishment ^pm that 
source only, it. must ooutaia every principle ^hieh the animal sys^ 
tem requires. / ." 

Mrs. B. Very true. (Milk is found, by its analysis, to contain the 
prineipdl materialsof animal matter, sdbumen, oil, and phosphat of 
lime 3 80 that the sudiiingiiasjMit little trouble to digest and assiny* 
ilate this nourishmeiit. But we shall examine the composition of 
milk more fuUy alterw&rds. ' . 

. In many paiis 4)f ithe body, nombers of small vessels are collect^ 
tt^ether in little <b undies called £-idEii<2sj^from a latin word, meaning 
acorn Jon apeouut of .the resemuanee which some of them bear in 
shape to that'faiit. (The function of the glands is to secrete or sep- 
arate ceitain matters from the blood. ^ 

The secretions are not only mechaiucal, but chemical separations 
from the biood ; for the substances thus formed, though contained 
in theblood, are Jiot ready combined in that fluid. The secretions 
^ure <il^ivo Hands 4)tfaoee 'which form peei^liar animal fluids, as bile, 
rtears, sakva, &c'; and those which produce the general material^ 
^f the animal^ system, for the purpose of recruiting and nourishing 
the several organs of the body; such as albumen, gelatine, and 
fibrine^ the latter «iay be distifiguished by the name of nuiriiwe 
.secre(t9$is.J 

Oureline, I am quite astomsbed to hear that all the secretions > 
:shoiitd be derived from the blood, 

EmUy, I thought that the bile was produced by the liver, 

Mrs. B. So.it is; hut the jiver is nothing more than a very large 
gland which secretes^he bile ik>om the blood. 

The last df the animal organs which ^ have mentioned are the 
nerves ; these are» the vehicles of sensauon, yvery other part of the 
body beiag, <^/it6^1f, totally iinsensible. 

Varoime, They must, then"; be spread through every part of the 
iframe, for we are every where very susceptible of feeling. 

EmUy, £zceoting the nails and the hair. 

Mrs,~B» Ana those are almost the only parts in which nerves 

^cannot be discovered. The common source of all the nerves is the 

fiarain ; Jthcnoe they descend, somfe of them through different aper- 

^^ures in theskuU, but the greatest part through the back bone, and 

^extend themselves by innumerable ramifications throughout the 

I.I. ■ ■ , .ii II I .,1. II. I 

1^9. To what nuiy Mood be compared ? • 

1350. Of what doert mflk consist ? 

1351. FVem what do ihe-glands derive their name ? 
1358. What is their usef 

1353. How many kinds of secretions are there, and whieit ale t&ey 

1354. What are the nerves ? 

1355. What is the^cosuDon soaroe of the nerves.' 
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whole body. They spread themselTes o^er the-mmdee, peneMe 
the glands, wind 1o\ind the traacular system, and even pierce into 
the Ulterior of the' bones. It is most probable through them that 
the eommunication is carried on between the mind and the other 
parts of the body ; but in what manner they are acted on by the 
mindy and made to redact on the body, is still a profound seeiet 
Many hyplotheses have been formed on this very obscure subject, 
but they are all e<]aally improbable, and it would be useless for lu 
to waste our time m conjectures on an inquiry, which id all proba- 
bility is beyond the reacn of human capacity. 

Caroline. But you have not mentioned thpse particular nerves 
that form the senses of hearing, seeing, smelling, and tasting? 

Mrs, B, They are considered as being of the same nature as those 
which are dispersed over every part of the body and constitute the 

ftaeral sense of feeling. The aifferent sepsations which they pro- 
aoe,'wse from their peculiar situation {^d connexion vrifh the 
several orffans of taste, smell, and hearing. ) 

itimUy, iBat these senses appear totally different from that of feeP 
ing. 

firs. B, They are all of them seiisatioiij^, l)ut yarjousFy modified 
according to the nature of the different Qtsanis kt which the nene» 
are situated. For, as we have fbrraerly Swerved, h is by crntaet 
only that the nerves are afieeted. Thus oianfef9p9 pankles Host 
' striJie upon the nerves of the uose, in order to excite the sense of 
smelling ; in the same nmner that taste is produced by the paitie- 
ular substance coming ni contact with the nerves of the toogae. 
It is thus, also, that the sensation of sound is produced by the ood- 
cussion of the air striking against the auditory nerve ; and sight is 
the effect of the light falSng^ apipi; the optic iferrb. ThxsBti rmm I 
senses, therefore, are afiected Qa;ily by the actual ediitael of the jm- | 
tides of matter in the saiM maftne^ as- that of ieelisi^. i 

The difierent organs of ihe animal body, though easity separated^ 
a&d perfectly distinct, are loosely coaneete'd together by a kind of 
spongy subsrtance, In texture somewhat rcsembUng liet-work, called ' 
the oellular membfane ; and the whole is cover^ by the skin. I 

The skin, as well as the bark ^ vegetables, sb •fondedfbf three | 
eoats. The extertial one is called the cmtickor efidarms; the sec- | 
ond, which is called the njj^ims mendn-cme^ b of a thia, ^ft textue, i 
and consists of a mucous flbetanee,.which in negrb^ia black, and j 
is the cause of their skin appearing of that color.) 

OBorohne. Is then the extemaf skin of negroes 4vlute like ours? 

Mrs. B. Yes i bat as the cUticle is transparent^ as well as poroos, 
the blackness of the Uiucous ntembrane is visible through it. The 
extremities of the nerves are spread over this skin, so that the sen- 
sation bf feeling is transmitted through the cuticle. The intenal 
oovering of the muscles, which is properly the skin, is the thickest. 



1356. How are the nerves made subservient to the purposes of hew* 
ing, seeing, smelling, and tasting/ 

1357. By wbat are the different parts of the animal body couBecte^ 
together? 

1358. Of how many coats is the skin formed, and what are they 
edled.» 

1359. Where is the color of the akin? 

1360. If the eolor is la the second coat, why is it so easily seen? 



I 
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the tonglieift, «nd the most resistiii^ of the whole ; it is this l 

brane^ which is 'so esaentin in the. arts, by foilning leather when 
<9ombuied with tannin. 

The sidii which covers the animal body, as well as those mem- 
branes that form the coasts of the vessels^consists almost exclusive- 
ly of gelatine ; and is capable of being converted into glue, size^ or 



^% 



hfe cavities between the muscles and the skin are usually filled 
-with iaXj which lodges in the cells of the membranous net before 
mentioned, and gives to the external form (especially in the human 
£gaTe,) thatrToundness, smoothness, and softness, so essential to 
<beautjr. 

Etmhf, And the skin itself, is, I think, a very ornamental part of 
the human frame, both from the fineness of its texture, and the va- 
riety and delicacy of its tints. 

Mr9* B. This variety, and harmonious ^adation of colors, pro- 
^ceed, not so mtich from the skin itself,^ from the internal organs 
which transmit their several colois through it, these tints being only 
jsofiened and blended by the color of Uie skin, which is unif<9rmly of 
a I^Uowish white.) 

'Thus modified, The darkness of the veins appears of a palid bloe 
<x>lor, and the fioridness of the arteries is changed to a delicate pink. 
In tlie most transparent parts, the skin exhibits the bloon^of the 
rose, whilst, where it is more opaque, its own color predominates ; 
and at the joints, where the bones are most prominent, their white- 
ness is oflen discernible. In a word, every part of the human frame 
seems Co contribute to its e:sternal ornament ; and this not merely by 
producing a pleasing variety of tints, but by a peculiar kind of beau^ 
ty which belongs to each. individual part. Thus it is to the solidity 
and arrangement of the bones that the human figure owes the gran^ 
deur of its stature, and \its.firm and dignified deportment. The mus- 
cles delineate the form, and stamp it with energy and grace, an^ 
the soft substance wl^ch is spread over them, smooths their TUgr 
gedoess, and gives ^to the contour the gentle undulations of the 'line 
pf beauty. Every (organ of sense is a peculiar^ and separate orna- 
ment; and the skin, which polishes the surface, and gives it that 
cha^rm of col(^iiig, so inimitable by art, finally conspires to render 
the whole the^/^iicest work of the creation. 

But noi^ .that/we have seen in what manner the animal frame is 
formed, l^:us observe how it provides for its support, and how the 
several ,orffans, which form so complete a whole, are nourished and 
maintained. 

This will le9.:d .us to a more particular explanation of the internal 
organs ; here we;^ha]l not meet with so much Apparent beauty, ber 
cause these psu:t§^were not intended hy nature to be exhibited to 
liew ; but the beauty of design, in the internal erganization of the 
QLDimal frame, is,df possible, still more remarkaUe than that «f the 
ejcternal parts. 

We shall defer this^subject tUl our next intervieWv ' 

1361 . Of what does the skin consist ? 

1362. On what is the human comDlezion or color depending besides 
tlie skin ? 
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COHVERSATIOlf XXY. 

f OJI AinilALIIATION, NUTRITION, AND KSSFIBATION. \ 

Mrs. B. We have now learnt of what matenale the anin^sjfB- 
tem is composed, and have formed some idea of the hatare of its or* 
faoiaation. In order to complete the subject, it remains for us to 
examine in what maimer it is noarished aod supported. 

Vegetables, we have observed, obtain their nourishment from n- 
rioos substances, either in their elementarj state, or in a very sioh 
ple state of combination ; as carbon, water, and salts, which they 
absorb from the atmosphere. 

Animals, on the contrary, feed on substances of the most compb- 
eated kind ; for they derive their sustenance, some from the animal 
<j»eation, others from the vegetable kingdom, and some from both. 

Oaroline, And there is one species of animals, which', not satisfied 
with enjoying either kincf of food i^ its simple state, has ioven^ 
the art ofoombining them together in a thousand wa^ts, and of rea- 
deriiig even the mineral kingdom'^ubservient to its^ refinements. 

Emhf. Nor is this all ; for our delicacies are collected from the 
various climates of the earth, so that the four (quarters of th6 globe 
^re often obliged to contribute to the preparation of oat simple^ 
dishes. 

Caroline. But the very complicated sobstancee 'which constitute 
the nourishment of animals, do not, I suppose, enter into the system 
.in their actual state of combination ? 

. Mrs. B, So&x ftom it, that they tibionly undergo a new arrange- 
ment of theur parts, but a /seleetion is made of such as are most 
proper for the nourishment t>f the body, and those only enter into 
iiui system, and are animalised. 

EmUy. And by what organs is thiis/pfocess performed ? 

Mrs. BfChietiy by the stomach, Whieh^ the organ of dijgestioo, 
and ike pnQje regulator of the aniiQfl frame. 

Digestion is the first step tbwarcb nutr'itioo. lit tiOnsists in reda> 
eing into one homogeneous mass the various ^substances that are 
taken as oourishmentp it is performed byt^filrst chewing and mixing 
the eotid aliment with the saliva, which rdduces it to a soft mass, ia 
which state it is conveyed into the stomaeh, where it is more oom> 
^letely dissolved by the gastric juice. ^^ 

This fluid (which is secreted into' the ston^ach by appropriate 
^ude) is ko powerful a solvent, that soai^ly any substances wOl 
Insist its action. / 

Emify. The ooats of the stomaeh, howler, cannot be attaohed 
by it, otherwise we should be in danger of having them destroyed 
when the stomach was empty. 

1363. What is the subject of the S5th convematioh ? 
1304. Do the substances which contUtnte the noctrishmenlofAiunMli 
enter into their system, in their aetoid state of eoMbiaaltiNil 'j^^>? 

1365. Where is the digedioa performed ? 

1366. What is the first operation in ^geition ? 
1307. What omee is perforDi«i| bjT thr ga^ic juice / 
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Mrs. B. They are piobabljr not subject to its action ; as long, at 
least, as life continues. But it appeals, ^that when the gastric ^uice 
has no forei^ substance to act upon, It is capable of occasioning a 
' degree of iiritation in die coats of the stomach, which produces the 
sensation of hung^er. .(The gastric juice, together with the heat and 
muscular action of the stomach, converts the aliment into an uni^- 
form, pulpy mass, called chyme.| This passes into the intestines, 
where it meets with the bile and fbme other fluids, by the agency of 
which, and by the operation of other causes hitheno unknown, the 
chyme is changed into chyle^ much thinner substance,|8omewhat 
resembling milk, which is pOkuped by immense nun^bsn.of small 
absorbent vessels spread over the internal surface df the intestines. 
These, after many circumvolutions, gradually meet and unite into 
lar^ branches, till they at length collect the chy)e into one vessel, 
whiciipours its contents into the great vein near the heart, by which 
means the food, thus prepared, enters into the circulation. 

Caroline. But I do not yet clearly understand how the blood 
thus formed, nourishes the body and supplies all the secretions ? 

Mrs, B, Before this can be explained to vou, you must ^t allow, 
me to complete the formation of the blood. (The chyle may, indeed^A 
be considered as forming the chief ingredient of blood : but this fluid 
tsuot perfect until it has passed through the lungs, and vindergone 
(together with the blood that has already circulated) certain neces- 
sary changes that are effected by respiration. 

Ckuroline. I am very glad that you are going to explain the n& 
ture of respiration : I have oflen longed to understand it ; for though 
we talk incessantly of breathing, I never knew precisely whai pur- 
pose it adMwered. ' 

Mrs. B. It is, indeed, one of the most interesting processes ima- 
gisable ; but in order to understand this function well, it will be 
oeeessary to center into some previous explanation. Tell me, Elm- 
ily, what do yo\x undetstaod by respiration ? 

Emihf. Respiration, I conceive, /consists simply in alternately 
inspirineut into the lungs, and expfring it from them, j ^ 

Mrs. n. Your answer will do very well as a ffenew definition. 
But, in order to form a tolerably clear notion of the various phe- 
nomena of respiration^ there are many circumstances to be taken 
iflto oonstdeintioo. 

In the first place, there are two things to be distinguished in res- 
piratibn, the mechamcal and the chemical part of the process. 
- The mechaoisraof breathtng/depends on the alternate expansions 
and contractions of the chest, fn which the lungs are contained.) 
When the chest dilates Abe cavity is enlarged, and the air rushes in ^ 
<at the mouth, to, fill up tHe vacuum formed by this dilation ; when " 
it contracts, ^e cavity is diminished and the air forced out again.^ 

1366. How is the sensation of hunger produced } 

1969. At what state of animalization is the aliment called chyme .' 

1370. Into what is it next changed r 

1371. flow do^s chyle differ from chyme ? 

1372. What forms the chief i&gvedieut of blood .' 

1373. What is respiration ? 

1374. On what defends the i^echanism of breathing? 
. 1375. What Ukes jplac^ when j^ chest dilates i 
'1376. l?7hat takes place when It' contracto ? 
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'duinitm of breathtofi 



Ckmfime, ItlioQghttiiatitwastheliiiigBtliateQiilneleiaBiei- 
fteded in breathing. 

Mrs. B, Thev do likewise'; bat their action is only the oonie- 
qnenoe of that oi the chest. , The lunofs, together with the heazt and 
largest blood vessels, in a manner fiU up the cavity of the chest; 
they coald not, therefore, dilate, if the chest did iiot previously ex- 
pand ; and, on the other hand, when t|ie chesjt «pntracts, it com- 
presses the lungs, and forces the air out of then). 

Caroline. The longs, then, are like bello^ws, and the chest is tha 
power that works them. 

Pi^. 36. 

Mrs. B. Precisely so. Here is a curious Apbw«iub to itt«55««Jf ■ 
little figure which will assist me in ex- 
plaining the machanism of breathing. 

Caroline. What a droll figure ! a little 
head fixed upon a glass bell, with a blad- 
der tied ovei the bottom of it. 

Mrs. B: You must observe that there is 
another bladder within the glass, the neck 
of which communicates with the mouth of 
the figure — ^this represents the lun^s con- 
tained within the chest ; the other madder, 
which you see is tied loose, represents a 
muscular membrane, called^he diaphragm^ 
which separates the chest Hfrom the lower 
part of the body. By the chest, tfiere- 
fore, I mean that large canity in the upper 
part of the body contaipedtwithin the ribs, 
the necl^, and the diaphragm ; this mem- 
brane is muscular, and cqpable of contrac- 1 
tiori and dilatation. The contraction may 
be imitated by drawing the bladder tight 
over the bottom of the receiver, as I can 
easily do by squeezing it in my- hand, when 
the air in the bladder, which represents 
the lungB, will be forced 4>ut ftroagh ^i^^^^^T^^'c^^Z 

mouth of the ngllie. — representinn ttw Diaphngn. 

Emily, See, Caroline, how it blows the fiame of the candle u 
breathing! 

Mrs. B. !^ 'letting the bladder 'ioose again, we imitate the dila- 
tation of the diaphragm, and the Q^vity of the chest being enlarged, 
the lungs expand^ and the air rusbes m to fill them. 

Emili/. This:^ure, I think, gives a very clear idea of the joo- 
cess of breathing. 

Mrs. B. It iUustrates tolerably well, the action of the lungs aod 
diaphragm ; bu^^those are not ttbe only powers concerned in the en- 
largement or ditninution of the cavity of the chest ; the ribs are also 
])088e68ed of aihascular motion for tne same purpose ; they are al- 
ternately drawn in, edgeways, lio assist the (Contraction, andfstretch- 

1377. On what does the expansion and- contraction of the lungs de- 
pend? 

1378. What part of the body is called the chest. > 

1379. How would you explain figure 36 .> 
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•d <mtf IQce the hoops of a banel, to contribute to the diktion of the 
chest. 

Emib/. I always supposed thsrt the elevation and depTession of 
the libs were the consequence) not the cause, of breathing. 

Mrs* ^1 H is exactly the reverse. The muscular action of the 
diaphragm, together with that of the ribs, ai^(lhe causes of the con- 
traction a^id exoansion of the chest ;land the air rushing into, and 
being expelled from the lunfifs,^are opjrjr consequences pf those actions. ^ 

(Sarokne. I confess that I thought the act of breathing began by 
opening the mouth for the air to rush in, and that it was Uie aior 
a|one, which, by alternately rushing in and out, occasioned the di* 
lations and contractions of the lungs and chest. 

Mrs. B. Try the experiment of merely opening your month : 
the air will not rush in, till by an internal niuscular action you pro- 
duce a vacuum — yes, just so, your diaphragm is now dilated, and 
the ribs expanded. But you will not be able to keep them long in 
that situation. Your lungs and chest are already resuming Uieir 
former state, and expelling the air with which they had just been 
filled. This mechanism goe^ on more or less rapidly ;Cbut, in gen- 
eral, a person at rest and in health will breathe between fifteen and 
twenty^five times in a tninuto^ 

We may now proceed to the chemical effects of respiration ; hot, 
for this purpose, it is necessary that you should previously have 
Some * notion of the dtcuhtion of the bbod. TeU me, Caioline, 
what do ytfa understand by the circulation of the blood ? 

Caroline, I am dehghtea that you have come to this subject ; foit 
it is one that has long excited my curiosity. But I caSuOt C(»ivoiv9 
how it 18 connected with respiration. The idea that I have of the 
circulation is, that the bldba.runs from the heart through the veina 
all over the body, and back f|g8in to the heart. 

• Mrs, B. I could hardly fiave expected a bettor definition from 
yon : it is, however, not quito correct ; for you do not distingvish 
the arteries from the yeijiB, which, as we have ^^jpady observed, 
are two distinct sets of' Vessels, each* having its diiffi jocular func- 
tions. The arteries convey the blood from the heart to the extre- 
mities of the body ; and the veins bring it back into the heart. 

This sketeh wUl give you an idea of the manner in which some 
of the principal veins and artories of the huxp^n body branch out of 
the heart, vvhich may be considered as a conimon centre to both sets 
of vesseb. ^he h^art is a kind of strong elastic bag, or muscular 
cavity, which possesses a power of dilating itself, f* the purposes 
of alternately receiving and expelling the blood, in order to carry 
on the process of circulation. ) ^ 

JBmiqf, Why are the arteries in this drawing painted red, and the 
veins purple? 

Mrs: B. It is to point out the difierenoe of the color of the blood 
in these two seteof^ vessels. 
— ' ■ 

1380. What office do the ribs peribrm ? 

J 381. What Cauws the contraction uid expansion of the chest.' 

1382. How many times will a person, well,' and at rest, breathe in a 
minute ? 

]%3. In what manner is the circulation of blood carried on? 

1384. How )» the heart deseribed,? 
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OtroBme, But If it n the nutd blood whicb ilows ftam te nte- 
Ties into the veins, how can its color be changed ? 

Mn, B. This change arises from Tarioas circamstanoes.. la the 
'first place, during its passage through the arteries, the blood unde^ 
goes a considerable alteration, some of its oonstitaeiit parts being 
gradually separated from it for the purpose of nourishing the bodj, 
.and of supplying the varioos secretions. In consequence of tius, 
the florid arterial color of the blood changes by degrees to a deep 
ipurple, which is its constant color in the veins. On the other haad, 
the olood is recruited dnriug its return through the veins by the 
fresh chyle, or imperfect blood, which has been produced by food ; 
4ind it receives also Ivmph from the absorbent vessels, as we have 
^fore mentioned. After having undergone these several cluRges, 
the Uood returns lo the heart in a state very different from that in 
which it left it. It is loaded with*a greater proportion of hydiogei^ 
and carbon, and is no lon^r fit for the nourishment of the body, or 
other porposes of circulation. 

E/ndu, And in this state does it mix in the heart with the pan 
Ihnid blood which runs into the arteries ? 

Mn, J^T^o.l The heart is divided into two cavities, or oompift 
titions, caDed the right and left venirides. The left ventricle sft the 
receptacle for the pure arterial blood, previous to its circulatioD; 
whilst the venous, or impure blood, which returns to the heart afler 
having circnlated, is received intQ the right ventricle, previous to 
its porification,* which I shall ^reseutly explain. 
, VaroUne, I own that I always thought the same b(ood circulated 
again and anin through the body, without nndergolhg any cSutnge. 

Mn. B, Yet you must have suj^posed that the blood drcuUted 
for some poipose. 

CotoUm, I knew that it was indispensable to life ; but had no 
idea of its real fpnctions. 

Mn, K But now that you understand that the blood conYejB 
nonrishment to every part of the body, and supplies the various se- 
cretions, you must be sensible that it cannot constantly answer 
these objects without being proportionally renovated and purified. 

Carokite, But does not the chyle answer this purpose ? 

Mrs. B. Only in partf^It renovates the nutritive principles of 
the blood, but does not relieve it from the superabundance of wa- 
ter and carbon 'with which it is encumber^.! 

Ernih/. Hpw, then, is this efiected ? ^ 

Mn. BMy Rbspibatiov.^ This is one of the grand mysteries 
which modern chemistry has difelosed. When the venous blood en- 
ters the riffht ventricle of the heart, it contracts, by its muscular 
power, and throws the blood through a large vessel into the lungs, 
which are contiguous, and through which it circulates by millions of 

1385. How does the arterial di&r from the venous blood.' 

1386. Does the venous blood mix with the arterial in its letvra to 
the heart.' 

1387. How is nonrishment conveyed to difi^rent parts of the bodj? 

1388. How dees the chvle serve to renovate and puri^ the blood ? 

1389. How is the Uood relieved firom its snperabnndanee of water 
and carbon.' 
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anall ramiifealbiis. Here it comes in contact* withi the air which 
we breathe. The action of the air on the blood in the longs, is in- 
deed concealed from oUr immediate observation r but we are abk to 
fonn a tolerabljr accurate jadgment of it from the changes which if 
effects, not only in the blood, but also on the air expirdl. 

The air, after passing through the lungs, is found to contain all 
the nitrogen inspired, but to have lost part of it» oxygen, and to 
kaye aoquiired a portion of watery vapor, and of carbonic acid gas. 
Hence it is itfferred, thaf when the air comes in contact with the 
venous blood in the lungs, the oxygen attracts fr^im it the supera- 
bundant quantity of carbon with 'which it. has impregnated itself 
during the circulation^ and converts it into carbonic acid. Thi» 
gaseous acid, together with the redundant moistttre from the kmgsf 
being then e^kpired, the blood is restored to its Ibrmer purity, that 
is, to the state of arterial blood, and is thua again enabled to per- 
form its various functions. 

Caroline, This is truly wonderful ! of all that we have yet team- 
ed, I do not- f bcoUect any thing that has appeared to me so curious 
and interestmg. I alnibst believe that I should like to study anato- 
my now, though I have hitherto had so disgusting an idea of it.— 
Fxay, to whoxtf are we indebted for these beautiful discoveries ? . 

Mrs, ^.(Ptiestly and Crawford,, in this country, and Lavoisier^ 
m France^are the principal inventors of the theory of respiration. 
Of late y<^ars, the subject has been further illustrated and simplified 
by the accurate experiments of Messrs. Allyn and Pep^s. But the 
still more important, and more admirable discovery of"^ the circula- 
tion of the blood, was mside loifg before, by our immortal country- 
manfHervey.) 

linibf. Indeed, I nevet^ heard any thing that delighted. me so 
much as this theory of respiraition. But I hope, Mrs. B., that yoja 
will enter a little more into particulars before yqu dismiss so inter- 
esting a subject. We left the blood in the lungs to undergo the 
salutary change ; but how d^e^ i^ thence spread to all the parts of 
the body? 

Mrs, B, After circulating tAroir^B fhef Iurtgs,^e blood is collect- 
ed into four large vessels, by which it \A coBTveyecI into the left ven- 
tricle of the heart, whence it is propelled to all the different parts 
of the body, by. a large artery, which gradually ramifies into milr 
lions of sftiall arteries, through the whole frame. Fron^the extrem- 
ities of these little ramifications, the blood is transmitt^fd t* the vein6, 

*Not in actoal contact. In this case, it is obvious fhexe would 
be nothing to confine the blood and prevent its flowing e^iA. The 
air cells are separated from the blood vessels by an extremely thin 
^Mmhiaue.— C. 

t The quantity of moisture discharged from the lungs in 24 hours, 
in&y be computed at eight or nine ounces. 

1990. What elect does respiration have on the air we breatlie P 

1391. What becomes of the blood when it has become purified in cir* 
cnlating through the lungs } 

1392. Who were the inventors of the received theory of respiration? 

1393. Who discovered the circulation of the blood f 

1394. After the blooc^ is purified in the lungs, how is it spread to the 
▼Mious parts of the body } 



«rhieh hmg it Wk t6 the hesrt and lunm, t^ go Maud i 
again in the manner we have just deseribed. Ton see, 
tut the blood actuall/undergoes two circolations ; the one, throuffh 
1^ lungs, by which it ts oooTorted into pare anerial Mood; tiie 
other, a general circuhukm, bv which nourishtfent is oooTeyed to 
everj part of the body ; and these are both equftUy indi^enmletD 
the support of animal UJe. 

Enufy, But whence proceeds the cajrbon with which the Uood is 
imnregnated when it comes into the lungs ? 

Mr$. B* Carbon existft in a oreater proportion in blood than in 
organized animal matter. (The blood, therefore, after supplying its 
varioos sactetions, becomei loaded with to excess of carbon, which 
is carried off by respiration ; and the formation of new chyle from 
the food affords a constant supply of carbonaceous matter. J ^ 

CcaroUne. I wonder what qnantity of carbon may be expcdled fiom 
the blood by respiration in the course of 24 hours'? 

Mr$, B. It appears by the experiments of Messrs. Allyn and Po' 
pys, that abou|(j40,000 bubie inches of carbonic acid gas, are emit* 
ted from the lungs of a heakhy person, daily; which is eqoinJent 
to ekven <mnces of solid carbon erery 24 hoars. , « 

Unify.' What an immense quantity ! And pray, how mnofa of 

oarbonic add gas do we expd ftom our lun^ at each i^piration .' 

-ill^«. B. The Quantity of air which we (aire into our longs at 

each inspiration /u about 40 cubic inche8)which contains a little len 

• *• - lof/hos( - • 



10 cubic inches of oxygen ; and of /hose 10 inches, one eighth 
is converted into carbonic acid gas on passing once throorh the 
lungs* a change sufficient to prevent air which has only been breath- 
ed once from suffering a taper to bum in ijt. 

Caroline, Pray, hotr does air come in contact with the blood ia 
the lungs ? 

Mrs, B, I cannot answer this question without entering into ao 
explanation of the nature and structure of the lungs. Yon recol- 
lect that the venous blood, on being expelled from the right Tentride 
enters the lungs to go through what we call the lesser circulation; 
the large trunk or vessel conveys its branches out, at its entrance 
into the lungs, into an infinite number of very fine ramifications. 
The wind-pipe which conveys the air from the mouth into the longs, 
Idcewise spreads out into a corresponding number of air vessels, 
whidi follow the same course as the blood vessels, forming Vnillioni 
of very minute air cells. These two sets of vessels are so interwo- 
ven as to form a sort of net-work^ Connected into a kind of sponrjr 
mass, in which every particle of blood must tfecessarily cdme m 
.oontact with a particle of air. s 

*The bulk of carbonic add gas foriried by respiration, is exactly 
the same as that of the oxygen gas Which disappears; 

1395. Whence proceeds the carbon with which the blood is impieg* 
nated on its return to the lungs ? . 

1396. What quantity of carbon is expelled from the blood by htjfi- 
ration io 24 hours f 

1397. What is the quantity of ais we take idb our lungs at eaeh res- 
piration ? 

1396. How does the air come in contact with the blood io the longs? 
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CatoHne, Bat mbob the blood and the air aie contained in diiler- 
eat Teaselife how can Uiey come in contact ? 

Mn. ^nThejr act on each other through the membrane which 
forma the cbats of these vessels : for although this membrane pre- 
▼enta the blood and the air from mixing together in the lunn, yet 
it is no impediment to their chemical action on each other.* ^ 

BmUy, Are Uie lungs composed entirely of blood vessels and air 
vessels? ^ ' 

Mrs. BJLI believe they are, with the addition only of nerves and 
of a small quantity of the cellular substance before mentioned, which 
connects the whole into a uniform mass.J 

Emibf. Fnjj why are the lungs always spoken of in the plural 
oumber? Are they more than one ? 

A&Y. B, Yes ;(for though they form but one organ, they really 
coBsist of two compartments, called 2o^., Vhieh are enclosed in sep- 
arate membranes or bags, each occupying one side of the chest, and 
hMg in close contact with each other, but without communicating 
toother. This is a beautiful provision of nature, in consequence 
oi which, if one of the lobes be wounded, the other performs the 
"whole proce^ of respiration till the first is healed. 
CThe Mood, thus completed, by the process of respiration, forms 
the most complex of all animal compoimds, since it contains not only 
the numerous materials neoessarj tp.form the various secretions, 
as saMva, tears, &c., but likewise all those that are required to 
iTourish the several parts of the body, as the muscles, bones, nerves, 
^aods, &c.tj 

* It is not absolutely certain that the change which the blood un- 
dergoes in the lungs is entirely owing to the loss of carbon ; since 
experiments show that any animal substance, even the hand, when 
eonfined in a portion of atmospheric air, lessens the quantity of ox- 
ygen, and produces a corresponding quantity of carbonic acid. It 
IS possible, then, that the carbon produced oy respiration, may be 
owipj? merely to the contact between the air and the lungs. — C 

-pjThe process of secretion does not consist merely in the separa- 
tion of certain materials from the blood by the secreting organ ; but 
tn many instances, entirely new. products are formed, no traces of 
which have been detected in the blood ^ For instance, the solid 
matter of the bones is derived from the blood, yet not a particle of 
phosphat of lime, (a substance composing the basis of the bone,) is 
found in it. It appears, then, that the pimds, which are the organs 
of secretion, have the power of 'producing from the ultimate atoms 
of the blood, the variety of proaucts peculiar to each. Thus, the 
elands situated about the eyes secrete the tears, a saline, peUucid 
Said ; while the liver secretes from the same source, the bile, a 
greenish, opaque, bitter, and extremely nauseous substance. It is 
most probable that we shall ever remain in profound ignorance, of 
aoy mode of imitating these operations. — C. 

1399. If the blood and air are contained in separate vessels, bow can 
they come in contact .' 

1400. Are the langs entirely composed of blood and air vessels ? 

1401. Why are^the lungs spoken of in the plural number.' 

1402. What forms the most complex of all the animal compounds? 

1403. Whaiissmdof secrUuminUtenoUf 

27 
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EmUy, Hiere aeeniB to l>e a singular analocy between the blood 
of animak and the sap of vegetables ; for each of these fluids ooa- 
tains &e several materials destined for the* nutrition of the nomeroos 
dass of bodies to which they respectively belong. 

Mrs. B, Nor is the production of these fluids in the animal and 
vegJBtable systems entirely different ; for the absorbent vessels 
wmch pump up the chyle from the stomach and intestines, may be 
compared to the absorbents of the roots of plants, which suck up 
the nourishment from the soil. ^And the analogy between the sap 
and the blood, may be still further traced, if we follow the latter in 
the coarse of its circulation ; for in the living animal we find every 
where organs which are possessed of a power to secrete from the 
blood ana appropriate to themselves the ingredients requisite for 
their support. > , 

Caroline. But whence do these organs derive their respective 
powers? ^ 

Mrs. B. (From a peculiar organization, the secret of \diich no one 
has yet been able to unfold.) But it must be ultimately by means of 
the vital principle that botli their mechanical and chemical powers 
are brought into action. 

I cannot dismiss the subject of circulation without mentioniog 
perspiration, a secretion which is immediately connected with it, 
and acts a most important part in the animal economy. ^ 

Caroline. Is not this secretion likewise made by appropriate 
glands ? 

Mrs. B. No jrk is performed by the extremities of the arteries, 
which penetrate through the skin and terminate und^ the cuticle, 
through the pores of which the perspiration issues. J^ben this fluid 
is not secreted in excess ,\t is insensible, because ir b dissolved by 
the air as it exudes from the pores ;(but when it is secreted faster 
than it can be dissolved, it becomes sensible, as it assumes its liquid 
state. J 

Entity. This secretion bears a striking resemblance to tnm^ira- 
tion of the sap of plants. They both consist of the most fluid parts, 
and both exude from the surface by the extremities of the vessels 
through which they circulate. 

Mrs. B.' And the analogy does not stop there ; for, since it has 
been ascertained that the sap returns into the root^ of the plants, 
the resemblance between the animal and vegetable circulation, is 
become still more obvious. The latter, however, is far from being 
complete, since, as we observed before, it consists only in a rising 
and descending of the sap, whilst in animals the bh>od actua(Uy ctr- 
culates throbgh every part of the system. 

We have now, I think, traced the process of nutrition, from the 
introduction of the food into the stomach, to its finally beooming a 
constituent part of the animal frame. This will, therefore, be a fit 
period to conclude our present conversation. 

What farther remarks we have to make on the animal^ economy 
shall be reserved for our next interview. 

1404. What analogy is there between the blood of animals and veg- 
etables ? 

1405. Whence do the several organs derive -their respective powers? 

1406. How does perspiration take place? 

1407. When is perspiration insensible } 
1406. Whcin does it become sensible'^ 
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/ 

CONVERSATION XXVI. 

ON AI^IMAI. HEAT; AND ON VARIOUS :1NIHAL PRODUCTfl. 



JBnUfy* Since our last interview, I hav^ been thinking much of 
the theory of respiration ; and t cannot help being strack with the 
resemblance which tt ajjpears to bear to the process of combustion. 
QJ^or in respiration, as in most oases of combustion, the air suffers a 
change, and a pordon of its oxygen combines with carbon, produ- 
cing carbonic acid gas. J 

Mrs. B* Ism much pleased that this idea has occurred to you ; 
these two processes appear so very analogous, that it has been sup> 
posed that a kind of combustion actually takfes place in the lungs ; 
not of the blood, but of the superfluous carbon which the oxygen 
attracts from it. 

Caroline. A.combustion in our lungs! that is a curious idea in- 
deed ! 3ut, Mrs. B., how can you call the action of the air on the 
blood In the lungid, combustfeon, When neither light nor hea.t are pro- 
duced by it ? 

EmUy. I was going to make the same objection. Yet I do not 
conceive how the oxygen can combine wi.th;the«ariiDn, and produce 
carbonic acid without disenga^ng h^at? 

. Mrs, B. The fact is that heaA is disenga^d.* Whether any 
(lightj>e evolved, I cannot pretend to determine ; but that heat is 
produced in considerable and very sensible quantities is certain ; and 
this is the principal, if not the only source of animal heat. 

Brmly. How wonderful that the very process which purifies and 
elaborates tlie blood, should afford an inexhaustible supply of inter- 
nal heat ! 

Mrs. -B.. This is the theory of animal heat in its original simplic- 
ity, such nearly as it was first proposed by Black and Lavoisier. It 
appeared equally clear and ingemous"; and was at first generally 
adopted, t^ut it was objected on second consideration/that if the 
whole of the animal heat was evolved in the lungs, it would neces- 
sarily be much less in the extremities of the body, than imigediate- 
ly at its source ; which is not found to be the case^ This objectioB, 
however, which was by no means frivolous, is now satisfactorily 
removed by the following consideration : — ^Venous blood has been 

l^lt has been calculated that the heat produced by respiration in 
12 hours in the lungs of a healthy person, is^ such as would melt 
about 100 pounds of ice. 

1409. What analogy is there between respiration and combustion ? 

1410. What is the principal source of animal heat? 

1411. What objection has been made to the hypothesis which as- 
cribes animal heat to respiration P 

1413. If the whple of animal heat is evolved in the lungs, Why is it 
not less at the extremities of the body than at its source ? 
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femid hf esperimeiit to have less eapadfif for heat^ than aiterial 
blood ; whence it follows that the blood, io gradoaU]^ paanag 6om 
the arterial to the venooa state, doria^ the eiicalation, parts vhh 
a portion of calorie, by means of which .heat is diffused thzoagh 
erery part of the body.* 

j&tm. More and more admirable ! 

Corokne, The cause of animal heat was always a perfect mysterj 

I *This is substantially Dr. Crawford*s theory of animal heat : and 
Shat it is a most beautluil and ingenioas one cannbt be denied. Sub- 
sequent experiments have, hOwev^, proved, its feUacy. Dr. John 
Dayy has snown that the diQ^drekioe (^capacity for heat, between the 
two kinds of blood is mock less than #as supjibsed by Dr. Crawford; 
the capacity of arterial beln^ only one peir cent, above that of renoiu 
blood. Now it is obvious &a,t this minute di^renoe camiot aeooant 
for animal temperatufe ; nor ia it certain tillat even this small quan- 
tity of heat is given out of the system. Another objection is the' 
result of an experiment of Mr. Brodie. This indeed seems to setde 
the question that ahitnal heat does not depeud on any change which 
the blood underffoes in the lungs. He found that on keepmgupan 
artificial respirauon ill the lunjofs Of a decapitated animal, the blood 
was changed ifrom bladk t6 redj abd'ciirbonic acid was given out as 
usual ; but that the animal grew cold foster than amjiber dead one, 
where s«ch artificial respiration was nbt kept up. / 

This, it is obvious would be the case, unless he^ watt caused by 
respiration, as the air forced into the lungs would tend to cool the 
animal. 

Prof. Cooper,, of Philadelphia, proposes another theory, f ^ I see 
no material difficulty," says he, *^* in accounting for the production 
of animal heat from the doctrine of lament heat. The fluids of th» 
body are incessantly em^yed to reoew the solids ; when a fluid ia^ 
converted into a soUd, fieat or eaUhnif is precipitated. This takea 
place every moment very gradoaUy is every part of the systeoc'l 

We are ignorant oi the train of arguments by which the lear&ei^ 
Professor sup^rts his theory. But, if on the one hand, the conver- 
sion of a fluid into a solid produces heat, so it is equally well prov- 
ed, that the conversion of a SoiM into a fluid produces cold, aow 
the solid parts of the body, after being deposited from the flnids, are 
again converted into fluids by the al»orbents. This theory^ then, 
accounts for the produetmn of heat only when the depoation '» 
greater than the aosorption, as during the grow^ of ii» ^^tem. 
/ From some experiments, made by Mr.^rodie, and D^ Philip,, 
they have been induced to believe that anima! temperature depends- 
on the influence of the nerves. 

In regard to this theory, it may be observedy that iii some instan- 
ces where the^ nervous influence seems to be suspended, the heat of 
thepart remains much the same as in healths J| 

This subject has excited the attention of the learned and carious 
in all ages, and a great variety of theori£is have been Ofi&red to ao* 

1413. What objeaioit is Oen to tv. Qrav^&rHs tkMHi of mnimsi 
heatf 

1414. What is Professor Cooper^s thmty of aadmai heat f 

1415. What was the opinion of Mr, Brodie, ami Dr, JPfttt^. mitha 
**^set of ommal healf " 
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it^ me, and I am delirrhted with its explanation. Bat, piay, Mrs. B., 
ean' you tell me what is the reason or the increase of heat diat takes 
place in a fever ? 

HmHy. Is it not because we then breathe quicker, and, therefore, ^ 
more heat is disengaged in the system ? 

Mrs, B, This may be one reason : but I should think that the 
priocipal cause of the heat experienced in fevers, is,(that there is no 
vent for the caloric which is generated in the body. 1 One of the 
most considerable secretions is the insensible perspiration ; this is 
constantly carrying off caloric in a latent state ; but during the hot 
stage of a fever, the pores are so contracted, that all perspiration 
ceases, and the accumulation of caloric in the body, occasions those 
burning sensations which are so painful. 

Em3y. This is, no doubt, the reason why the perspiration which 
often succeeds the hot sta^e of a fever, affords so much relief. If I 
had known this theory of animal heat when I had the fever last 
summer, I think I should have found some amusement in watching 
the chemical processes that were going on within me. 

Caroline, dut exercise likewise produces animal heat, and that 
must be quite in a different manner. 

Mrs, B. Not so much as you think ;(for the more exercise you 
take, the more the body is stimulated, and requires recruiting. For 
this purpose, the circulation of the blood is quickened, the breath 
proportionally a^lerated, and consequently a .greater quantity of 
calopc evolved. J 

Caroline, True ; afier running very fast, I gasp for breath, my 
respiration is quick and. hard, and it is just then that I begin to feel 
hot. 

Emily, It would seem, then, that violent exercise should produce 
fever, ^ 

Jirs, B, rNot if 'the pesson is in a good state of health ; for the 
additional caloric isithen earned off by the perspiration which suc- 
ceed?. J 

BrnOy, What admirable resources nature has provided for us ! 
J3y the production of animal ^leat she has enabled us to keep up the 
temperature of our bodies above that of inanimate objects ; i|nd 
whenever this source becomes too abundant, the excess is coaried 
of by perspiration. 

Mrs, B, It is by the same law of nature that we axe enabled, in 
all climates, and in all seasons, to preserve our bodies of an equal 
temperature, or at least very nearly so. 

Carohm, You cannot mean to say that our bodies are of the 
same temperature in sununer, and in winter, in England, and in the 
West Indies! 

Mrs, A Yes, I do ; at least if you speak of the temperature of 

count fo»5t. We have seen none, however, to which insuperable 
objectioQ^ may not be brought. We must, therefore, at present 
be coptented with attributing the production of anipAl warmth to 
the energies of the vital principle ; leaving it to futwe generations 
to deiermine and define its ^mediate cause.'MI). 

1416. What is the reason of heat in a fever ? 

1417. Why does exercise produce an increase of aoiimal heat ' 

1418. Why does not violent exercise produce fbvsrs " 

21* 
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the blood, ud the iotemal parts of the body : ibr thnee wbM wr 
immediately in contact with the atmosphere, such aff the haods and 
face, will oocasioaally get wanner, or colder, than the internal or 
more sheltered parts. If you put the bulb of a thermometiBr ia 
your month, which is the best way of ascertaining the lesl' tempen* 
ture of your body, you win* scarcely jperoeive' any difieronoe- m it» 
indication, whatever may be the diflference of temperatore of the 
atmosphere. 

CaroUne, And wheh I feel overcome by heat, I am reafff not 
hotter than wnen I am shivering with cold } 

Mrs. B, When a person in health feels very hot, whether fnm 
internal heat, ^m Violent exercise, or from the temperature of the 
atmosphere, his body is certainly a little warmer than when he feels 
very c»ld ; but this diflforeiice is much smaller than our sensatmns 
would make US believe ; and the natural standard is soon resUsed 
by rest and by perspiration. It is chiefly the exterUal parts that 
are wanner, and I am hate you will be surprised to hear that the 
internal temperature of the body scarcely ever descends below 
ninety-five or ninety-fl&x 'degree, and seldom attains one hundred 
and fouif or one hundred and five degrees, even in the most viokat 
fevers. 

Emikf, The greater ((uwaitity of caloric, therefore, that wereceife 
firom the atmosphere in soj^unier, bannot raise the temperature of 
our bodies beyond certain fif6its, as It does that of inanimate bodies, 
because an excess of caloric is carried of by perspiration. 

Carohne, But the temperature of the atmosphere, and oonae- 
quently, that of inanimate bodied, ts Purely never so high as that of 
animal heat. 

Mrs. B, I beg your pardon. In ^e Ea&t andWest Indies, and 
sometimes in the southern parts of Europe, the atmosphere is fre- 
quently above ninety-eight degrees, VhiCb is the common tempera- 
ture of animal heat. ' Indeed, even in llfail^tM»uhtrv,it occaaioiially 
happens that the sun's rays, setting full on an object, elevate its 
temperature above that pomt. 

In illustration of the power which ou!r bodies have to resist the 
e&cts of external heat. Sir Charles Blagden, lyf^ some other gen- 
tlemen^ made several very curious experintfgnts. {fit iiemamed for 
some tmie in an oven heated to a temperatore not^nch inferior to 
that of boiling water, without suffermg any Other inconvenience 
than a profuse perspiration, which he supported by ll^ttking plenti- 
fully. J ' ' 

. Enmy. He could scarcely consider the perspiratiiofti ias an incon- 
venience, since it saved him from being baked, by gTfJng Vent to 
the excess of caloric, 

Caroline. I always thought, I confess, that it wtis firomth^ heat 
uf the perspiration that we sufiered in summer. ^ . 

Mrs. B, You now find that you are quite mBstaketi/r-W^ifenfever 
evaporation takes place, cold, you know, is produced ip "Jconae- 
quence of a quantity of caloric being carried oiff in a latent statel 

1419. «Doe8 the degree of animal heat vary with the 'Change of cli- 
fuite? , 

1420.. jHow is it that the temperature of the body pemalm ^seaaential- 
ly -the'BW^e in summeT and winter, and in different elimates ? 

1431. -What exneriment was made by Sir Charles^ Bla^n upon 
mis 8ab{ect t ^ 
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iUm m the ease witii perspiration, and it is in this waythaiitaflbrds 
relief. It is on that aooount, also, that we are so apt lo catch caldj 
when in a state of profuse perspiration. It is for the same reason , 
that tea is most renreshin^ m summer, though it appears to heat yon 
at tfae^moment you drink it. 

Emify. And in the winter, op the oonltary, tea is pleasant on ao<- 
eount of iteheat. 

Mrs. B.(Ye8; for we have then to guard rather against a defi- 
eiency than an excess of caloiic, and you do dOt find that tea will 
excite perspiration in winter, unless afleir dancing, or any other vio- 
lent exercise.y 

Oarohne, What is the reason that it k dangerous to eat ice after 
dancing, or^to dtink any thing cbld when one is very hotf 

Mrs, ^.^Because the loss of heat arising from the perspiration, 
conjointly with the chill oocalsioned by the cold draught, produced 
more cold than can be borne vntb safety, unless you contkiue to use 
the same exercise after drinking that you did before; for the heat 
occasioned by the exercise, will counteract the effects of the eold 
drink, and the danger will be removed. \ You may, howerer, con- 
traiy to the common notion, consider it as a rule, that cold liquids 
may at all times be drunk with perfect safety, however hot you may 
foel,* ^ovided you are not at the moment in a state of great pers- 
piration, and on condition that you keep yourself in gentle exercise 
afterwardk. 

£|pmi^. But «Bce we are fumislted with such iresouxces affainst 
the extremes of^ieat and cold, I should have thought that all cU^ 
mates would have b^n equally whdesome. 

Mrs.lB. Thit is true, in a certain decree, in regard to those who 
hare b^n iSccustpmed to them frombirUi ; for we find that the nie^ 
tives ofthose climates which we consider the most deleterious, are 
as healthy as outselves ; and if such climates are unwholesome to 
those who are habituated to a more moderate temperature, it is be- 
cause the animal economy dees not easily accustom itself to consid- 
erable changea^. 

CaroUhe, Btiit, pray, Mrs. B./ if the circulation preserves the 
body of s:n ttniform temperature, how does it happen that animals 
are sonietimes frozen ? 

Mrsl B.( Because, if more heat be earned off by the atmosphere 
than the circulation caln supply, the cold will finally prevail, the 

* The common notion on this subject, is certainly the most safe. 
A person heated, and almost exhausted by exercise on a hot day, 
ought never to drink any cold liquid, except in very small quantities 
at a time. Not a summer passes but we hear of deaths by drinking 
cold water after violent exercise. — C. 

1422. Why an we apt to take cold in a state of profuse perspira- 
tion? 

1423. Why is hot tea refreshing in the Warm weather of snmmer ? 

1424. Why is not a quantity of caloric cfirried off by the use of "^hot 
drink in winter, as well asliummer ? , 

1425. Why is it dangerous to drink eolA water when in a stele of 
proftue perspiration ? ' 

1426. If the circulation preserves the body of a uniform temperatore, 
how does it happen that animals are sometimes frozen ? 



810 OH AimUIi BK*^ 

iMttt w31 eeMe to beat, and the animal wiUbeftoBCT. >A]id,ian- 
wise, if the Bodj remained long exposed to a degree of beat, gmka 
than the perspiration could canry off, it woold, at last, loae the 
power of resisting its destmctive indaence. 

Oarohne. Fish, I suppose, ha^e no animal heat, bat only partake 
of the temperature of the water in which they live.* 

Endfy. And' their coldness, no doubt, proceeds from their not 
breathine? 

Mn . B, AU kinds of fish breathe more or jess, though in a ranch 
smaller degree than land animate* Nor are -they entirely destitate 
of animal heat, though, for the 9ame reason, they are much colder 
than other creatures. (They have comparatively but a very small 
quantity of blood, therefore but yery little oxygen is required, and 
a proportionally small quantity of animal heat is generated^ 

Caroline. But how can fish breathe under water ? 

Mrs, B.{Th^ breathe by means of the air wiuch is dissolved in 
the water ; j^d if you put them into water, deprived of air by boil- 
ing, they are soon sutiRocated.^ 

f If a fish is confined in a vessel of water closed from the air, it soon 
dies ; and any fish put in afterwards, would be killed immediately, 
as all the air had been previously consumed^ 

CaroHne. Are there any species of animals > that breathe mom 
than we do ? ^ . 

Mrs. B. Yes JL birds, |)f all animals, breathe the greatest quantity 
of air in proportion to their size ;' and it is to this that they are sup- 
posed to owe the peculiar firmness and strength of their muscles, by 
which they are enabled (o support the violent exertion of fiying^ 

This difference between birds and fish, which may be considered 
as the two extremes of the ^ale of muscular strength, is well worth 
observing. / Birds, residing constantly with <the atmosphere, sur- 
rounded bySoxygen, and respiring in greater proportions than any 
other species of animals, are endowed with a 'greater degree of mus- 
cular strength, whilst the« muscles of fish, on the contrary, are flac- 
cid and oily ; these animals are comparatively feeble in their mor 
tions, and their temperature is scarcely above that of the water in 
which they live.^ This is, in all probability, ovi^ng to their imp^- 
feet respiration; the quantity of hydrogen and carbon, that is in 
consequence accumulated in then: bodies, foians ^the oil which • is so 

* Animals belonging to the order of Gets of Naturalists, though 
they inhabit the sea, breathe atmospheric air, and have hot, red 
blood. This order includes whales, dplphins, narwals, &c. — C. 

3427. Why are fish colder than land animals? 
1428. How can they breathe under water ? 
. 1429. How can it be proved that fish cannot live without air ? 

1430. What animals breathe the greatest quantity of air, according 
to their size ? 

1431. To what is the irmness and great strength of muaoles in birds 
Qwinjr ? 

1432. To what is the roily nature c^f fish and amphibidus animals 
owing'.? 
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stronghf ^aracteiistic of that species of animals, and whldi telaxea 

and softens the snoall quantity of fibrine which their mnsckai contain, 

QMroUne. Bat, Mrs. B., there are some species of birds that fire- 

2aent both elements, as, for instance, ducks and other water fowl. 
>£ what nature is the fiesh of these ? 

Mrs. B, Such birds, in general, make but little ase of their 
wings; if they fly, it is but feebly, and only to a short chstance. — 
^heir flesh, too, oartakes of the oily nature, and even in taste some- 
umes resembles tnat offish.) This is the case not only with the 
various kinds of water fowls, but with all other amphibious animals, 
aa the otter, the crocodile, the lizard, &c. 

CaroUne» And what is the reason that reptiles are so deficient in 
muscular stren^ > 

Mrs. BJlt |s becajise they usually live under ground and seldom 
come into the atmosphere.) They have iivperfect, and sometimes 
no discernible Oir^s of respiration ; they partake, therefore, of the 
soft, o\jly haturd offish ; inaeed many of them are amphibious, a» 
frogs, iOa(l6, and snakes, and very f^w of them fiAd any difficulty inr 
remaihin^ A leilgth of time under watOr.* Whilst, on the contrary, 
the InS^t iribd, that are so strong in pitoportion to their size, and 
alert in their motions, partake of the nature of birds, air being thpir 
oeculiar eliimie^t, and their organs of respiration being comparative- 
ly larger than in other clastes of animals. 

I have now given you, a short account of the principal aniiiv4 
functidiks. However mterestine the subject may appear io j^Oii, k 
fuller investigation of it would,! fear, lead us too fiur from our ob- 
ject. 

Uni^. Yetlshailnot quit it without much regret; foirofallthe 
applications t)f chemistry, these a^ppear to me the most curious and 
most interesting. 

Caroline, But, Mrs. B., I must remind you that you promised to 
give us soihe account of the nature oimUk. 

Mrs, B, True. There are several other ahimal productions thai 
deserve likewise to be mientioned . We shall begin with milk, which 
is certainly the most important and the most interesting of all the 
aAixnal secretions. 

TMilk, like all ether animal substances, ultimately yields by analy- 
siH, oxygen, hyd^togen, carbon, aod nitroj^n.) Tli^ are combined ' 
in it under the forms of ajbumen, gelatine, oil, and water. But millf 
contains, besides, a considerable portion of phosphat of lime, the 
purposes of which I kave dready pointed out. 

TAmphibious ai^mals have the .power of suspending lespiration 
for s considerable lime. It is in consequence of this, that they ar^ 
enabled to live under water.-f^. 

1433. What is the nature of the flesh of amphihiosi animals ? 

1434. Why are reptiles so deficient in muscuhr stien^ ? 

1435. Haw, art iuttj^ubunu animals enabled to rematn a long time 
wider water f / 

1436. What aif tl|e innedienls of m^k? 
^437. In what may muk be decomposed without any chemical as- 
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Carolme, Tesi it is this salt which serves to noaxiah the iedx 
bones of the suckling. 

Mrs, B, To reduce milk to its elements, would be a rery compU' 
cated, as well as useless operation; but this fluids without any 
chemical assistance, may be decomposed into three parts, creamy 
a/rds, and whm. These constituents of milk hare but a very aMght 
affinil^ for each other, and you find accordingly that eteam separ 
rates from milk by mere standing. (,It consists chiefly of oil, which 
being lighter than the other parts of the milk, ^radtially nses to 
Che surrace. J It is of this, you know, that butter u made^ which is 
nothing more than oxygenated cream. 

Gnrofiae. Butter, then, is somewhat analogous to the waxy sub' 
•tance formed by the oxygenation of vegetable oil. 

Mrs, B, Very much so. * 

EmUy, But is the cream oigrgeaated by churning ? 

Mrs, B^ Its oxygenation commences* previous to churning^ mere^ 
ly by standing e^pssed to the atmosphere, from which it abssifas 
oxygen. The process is afterwards completed by churning;/ the: 
yiolent motion which this operation occasions, -brings evezy pani^lb 
of cream in contact with the atmosphere, and thus facilitates its 
oxygenation. Ji 

40aroUne, mf, fthe efiect^tf dhfuming^ I have often observed in 
ihe dairy, is to separate the cream into two substances, butter audi 
butter-milk v^ 

la^s, B, n!haX is to say, in proportion as the oily particles of the 
oieam become oxygenated, they separate from the other constituent 
parts of the ^ream in the form of butter. So by churning yotf pro- 
duce, on the on^ hand, butter, or oxygenated oil ; and, on the otner, 
4>atter-iWlk, ^r .cream depnved of oil. But /if you make butter by 
churning new^milk instead of cream, the butter-milk will then be 
exactly ^imiiar in it^ properties to cream or skimmed milk.j 

CaroUne, Yet butter-milk, is very different from common skun- 
medmrlk. 

Mrs, B, Because you know it is customary, in order to save time 
and labor, to make butter from 'cream alone. In this ease, there- 
fore, the butter^milk is deprived of the creamed milk, which eontaius 
both the curd and whey. 'Besides, in consequence of the nuik re- 
maining exposed to the atmosphere during the separation of the 
eream, the Vtter becomes more or less acid, as well as the butter- 
mUk which it yields in churning. 

Emily. Why should not the butter be equally acidified by oxy- 
genation ? 

Mrs. B, Animal oil is not so easily acidified as the other ingredi- 
eniB of milk. Butter, therefore , ihough usually made of sour cream, 
is not sour itself, because the oiljr^part of the cream had not been 

* It is proper to mention that the oxygenation of cream, wbieh is 
taken for granted in the above theory, is a disputed &ct.-— C. 

1437. What causes the cream to rise on the top ? 

1438. What is the chemical name of butter.^ 

1439. Why does churning convert cieaio to butter.^ 

1440. When separation ta|^es place in the cream, why is the butter- 
milk sour and the cream sweet.' 



acidified. ^Batter, however, is snseeptible of becoming acid by an 
excess of oxygen ;)it is then said to be rancid, and prcMluces the se- 
bacic acid, the same as that which is obtained from fat. 

BmUyl If that be the case;, might not rancid batter be sweetened 

Hby mixine with it some substance that would take the acid from it?) 

^ Mrs. S. This idea has been sug^eested by Sir H. Davy, who su]p- 

poses that if rancid butter were well washed in an alkaline solution, 

the alkali would separate the acid from the butter. 

^CaroUne. You said just now that creamed milk consisted of curd 
and whey. Pray how are these separated I 

Mrs. JB. They may be separated by standing for a certain length 
of time exposed to the atmospheire ; but this decomposition may be 
almost instantaneously e^cted by the chemical agency of a variety 
of substances. Alkalies, rennet,* and indeed almost sdl animal sub- 
stances, decompose milk by combining with the curds. 

Acids and spirituous liquors on the other hand, produce a decom- 
position by combining with the whey, fin order, therefore, to ob- 
tain the whey pure, rennet or alkaline subaftances must be used to 
attract the curds from it.^ ^ 

But if it be wished to obtain the curds purej the whey must be 
separated by acids, wine, or other spirituous liquors. ) 

JEmih/, This is a very useful piece of information; for I find 
white-wine whey, which I sometimes take when I have a cold, ex-* 
tremely heating ; now, if the whey were separated by means of an 
alkali instead of wine, it would hot produce that effect. 

Mrs. B. Perhaps not. But I would strenuously advise you not 
to place too much reliance on your flight cheniical knowledge in 
medical matters. I do not know why whey is not separated from 
curd by rennet, or by an alkali, for the purpose which you mention, ~ 
but I strongly suspect that' there must be some good reason why 
the preparation by means of wine is generally preferred. I can, 
however, safely point out to you a method of obtaining whey with- 
out either alkali, rennet or wine ; it is by substituting lemon juice, 
a very small quantity of which will separate it from the curd. 

Whey, as an article of diet, is very wholesome (l)eing remarkably 
light of digestion^ But its effect, taken medicinally, is chieflv, I be- 
lieve, to excite perspiration, by being drunk warm on going to bed. 
/Trom whey a substance may be obtained in crystals by evapora- 
tH>n, called sugar of milk. ) This substance is sweet to the taste, and 
in its composition is so analogous to common sugar, that itns sus- 
ceptible of undergoing the vinous fermentation. 

r Rennet is the name given to a watery infusion of the coats, of 
stomslch of a sucking calf. Its remarkable efficacy in promo^ . 
ting coagulation is supposed to depend on the gastric juice with 
which it is impregnated. ) 

1441. What causes batter to become rancid ? 

1442. How may rancid butter be made sweet ? 

1443. How is milk from which the cream has been taken, decompos- 
ed, or converted into curd or whey ? 

1444. How is pure whev obtained from milk .'' 

1445. How is pure curd obtained from it ? 

1446. Why is whey as an article of diet, wholesome f 

1447. How is the sugar of mUk obtained ? 
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Can4m€. Why then m not wine, or aloohol, made frond i?liey? 

Mrs. B. The quantity of sogar. contained in milk is so ti^g, 
that, it can hardly answer that purpose. I have heard of only one 
ioatence of its bemg oaed for the production of a spirituous liquor and 
this is hy thft Tartan Arabs ; their abundance of horses, as well as 
their scarcity of fruits, has introduced the fermentation of maies' 
milk, by wfaieh they produce a liquor called koumiss. Whey is 
likewise susceptible or being -acidified by combining with oxygen 
from the aliAosphere. It then produces the lactic aad, which you 
miiy recollect is classed with the animal acids, as the acid of nulk. 

Let us now see what are the properties of curds. 

£bml^. I know that they are made into cheese ; but 1 have heard 
that for that purpose they are separated from the whey, by the ren- 
net, and yet this you have just told us, is not the method of obtain- 
ing pure curd I 

Mrs. B. Nor aij^ pore curds so well adapted to the formation of 
cheese. For the nature and flavor of the oheesadepends in a great 
measure, upon the cream or oily matter which i^lett in the . curds | 
so that if every particle of cream be removed from the curds, tU 
cheese is scarcely eatable^ Rich cheeses, such as Cream and' Stil- 
ton cheeses, derive their excellence frojn the quantity^ as well as 
the quality of the cream that enters into their composition. 
^ Carohne. I had no idea that milk was such an interesting eom- 
pound. In many respects there appears to me to be a very stiikiiig 
analogy between milk and the contents of an egg, both in respect 
to their nature and their use. They are,, e^h of them, composed 
of the varions substances necessary for the nourishment of the young 
animal, and equally destined for that purpose. 

Ab's. B. There is, however, a very essential difference. The 
yottuff animal is formed as well as nourished, by the contents of the 
effg-shell ; whilst milk serves as nutriment to the suckling, only 
after it is born. 

There are several peculiar animal substances which do not en- 
ter into the general enumeration of animal compounds, and which, 
however, deserve to be mentioned. 

Spermaceti is of this class : it is a kind of oily substance (obtained 
from the head of the whale,Jwhich, however, must undergo ^cer- 
tain preparation' before it is m a fit state to be made into candles. 
It is, not much more combustible xhaniallow, bnt it is pleasanter to 
b^m,' as it is less fusible and less greasy. 

J Ambergris is anothet substance derived from a species of whale. 
It is, however seldom obtained from the animal itself, but is gene- 
rally found floating on the surface of the sea.^ 

Wax, you know, is a concrete oil, the peculiar product of the bee, 
part of the constituents of which may probably be derived from 
flowers, but so prepared by the organs of the bee, and so mixed 
with its own suostance, as to be decidedly an animal product. Bees 
wax is naturally of a yellow color, but is bleached by lonff expo- 
sure to the atmosphere, or may be instantly whitened by Uie oxy- 

1448. Do pure curds make good cheese .» O'^V-^ 

1449. On what does the quantity of cheese ^pend ? 

1450. From what is spermaceti obtained ? 

1451. What is ambergris ? 
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imifi&tie aeid. ^The combastion of wax is far more perfect than 
that of tallow, 'and consequently produces a greater quantity of 
fight atid heat. ) 

rLoc is a substance very similar to wax in the manner of its form- 
ation y it is the product of an insect, which collects its ingredients 
from flowers, apparently for the purpose of protecting its eggs from 
injury. It is formed into cells, fabricated with as much skill as 
those of the honey comb, but differently arranged. The principal 
use of lac is in the manufacture of sealing-wax, and in msJuug 
yarnishes and la<^quers. ' ^ 

Musk, civet, and castor, are other particular productions from 
diflferent species of quadrupeds. The two first are very powerful 
perfumes ; the latter has a nauseous smell and taste, and is only 
used medicinally. 

Caroline. Is it from this substance that castor oil is obtained ? 

Mrs, B. No. Far from it, for castor oil is a vegetable oU, ex- 
pressed from the seeds of a particular plant ; and has not the least 
resemblance to the medicinal substance obtained from the castor. 
/^^k is a peculiar secretion of the sijk worm, with whigh it builds 
Its nest or cocoon. This insect was ojiginally brought to Europe 
from China. Silk in its' chemical nature is very similar to the 
hair and wool of animals ; whilst in the insect it is a fluid, which is 
coagulated, apparently by uniting with oxygen as ioon as it comes 
in contact with the air. The moth of the silk-worm ejects a liquor 
which appears to contain a peculiar acid, csdled hombic, the profier- 
ties of whi^ are but very little known. \ 

Eifmhf, Before we conclude the- subject of the animal economy, 
shall we not learn by what steps dead animals return to their ele- 
mentary state ? 

Mrs, B, Animal matter, although the mpst complicated of all 
natural substances, returns to its elementary state by one single 
spontaneous process! the putrid fermentatian, )By this, the albu- 
men, fibrine, &c. are slowly reduced to the state of oxygen, hydro- 
gen, nitrogen and earbon ; and thus the circle of changes through 
which these principles have passed is finally completed « They first 
quitted their elementary form, or their combination with unorgan- 
ized matter, to enter into the vegetable system. Hence they were 
transmitted to the animal kingdom ; and from this they return again 
to their primitive simpliisity, soon to re-eotec^ tM spMse. of orgai^ 
ized existence. 

When all the circumstances necessary to produce fbrmentation 
do not take place, animal, like vegetable matter, is liable to a par- 
tial or impenbct decomposition, which converts it into a. combostir 
ble substance very Uke spermaceti. I dare say that Caroline, w^ 
is so fond of analogies, will consider this a kind of animal bitun^sn. 

CaroHne, And why should I not, since the processes whicJi^pro- 
^uee these substances are so similar ? 

Mts. B, There is, iifmBmny one contiitaniMa dlflbren<w \ the state 
of ^itttoien seems pennanent^ whilst that of animal SHbstances, Ifans 
imperfectly decomposed, v^ only tiABsieiit ; and unleesLpyeesntioQi 
be taJken to presetve-them in that state, a total dissolation infiiJlflflJjr 

X^fiU lukMc Aodut, vcAV AAnMkAMA MBiAlk. tA.ll4kiar. Com AAmlkKUiftiAn 9 

MfiS. MHHituiJse? 

1454. What account could you give of silk ? 

1455. How does dead animal matter return to its original stite? 

98 
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_. This circomstanoe, of the occasional oonvennon of annoal 

matter into a kind of spennaceti, is of late discovery. ^A manu&o- 
tore has in consequence been established near Bristol, in which, by 
ezposinff the carcasses of horses and other animals for a length of 
time under water, the muscular parts are couTerted into this sper- 
maceti-like substance. The bones afterwards undergo a different 
process to produce hartshorn, or more properly, ammonia, and phos- 
phorus ; and the skin is prepared for leather. J 

Thus art contrives to enlarge the sphere or useful purposes, for 
which the elements were intended by nature ; and the productions 
of the several kingdoms are frequently arrested in their course, and 
variously modified, by human skill, which compels them to contii- 
bate, under new forms, to the necessities or luxuries of man. 

But all that we enjoy, whether produced by the spontaneous ope- 
rations of nature or the ingenious efforts of art, proceed alike fiom 
the goodness of Providence. To God alone man owes the admira- 
ble faculties which enable him to improve and modif)^ the prodae- 
tions of nature, no less than those productions themselves. In con- 
templating the works of the creation, or studying the inv^eotions of 
art, let us, therefore, ncTcr forget the Divine source &om which 
they proceed ; and thus every acquisitlox^ of knowledge will prove 
a ksson of piety and Yirtue. 
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VT DR. J, L. COMSTOCK, OF HARTFORD*. 

AfhhgMc or Homeless Lamp, 

In the coib 
struction of fhis 
Lamp, the ob- 
ject 18 to keep a 
coil of wire in a 
. state of igoitioD, 
without either 
flame or smoke. 
The principle 
on which it is 
constructed, I be- 
lieve was first 
disooTeredbySir 
H. Pavy. He 
found that on 
beating the end 
of a piece of 

FIf. 1. A. The cott of plallna wiw. B. The gla« t«fce P^^^*** 7?^ *?? 
t^BtslBing the wick. Fig. 9. The Idunp complete. D. The hot, aoo. mstant- 
mbefiNrchariiDg. ly boia^ it 

near the soifaoe 

' " .^ ■ I ■■ I. I ..I II I 

1456. What manufiMstuie is it mentioiied has leoenay been ibnaed 
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of some ether, placed in a wine-glass, the wire was kept at a red 
heat as long as the experiment was continued. 

Whether Sir Humphrey pursued the subject any further, I am 
not informed. It is most ptobable, however, that he did not, as it 
is stated in a London paper of the last year, that Prof. Ure, of Glae> 
gow, had determined the circumstances which modify the perform'- 
ance of the lamp, and that one constructed by him was in full opera- 
tion in that city, (London) and had excited much public curiosity^ 
This notice contained some directions concerning the size of the 
wire to be used, and the manner of coiling it. 1 have, however, 
seen no description of this lamp which would enable one readily to 
construct it. The following mai^, therefore, interest such readers 
as have seen an account of so curious a discovery. 

The principle on- which the aphlogistic lamp is constructed, in- 
volves two conditions which are absolutely requisite, viz. that we 
make use of a combustible substance which evaporates at a Idw 
degree of heat, and a metal which is a bad conductor of caloric. 
For the combustible, alcohol ^ems best suited for this purpose. 
Suipkuric ether, aside '^om its high price, and disagreeable smell, I 
have sometimes found to fail ; the ignition ceasing without any ob- 
tIous cau8e> 

In regard to the metal, gold and silver, both fail in consequence 
of the rapidity with which they conduct caloric. Silver, too, would 
soon be destroyed by the intense heat. Iron, although so b^ a 
conductor, as to remain ignited for a time, soon fails, being convert- 
ed into red .oxide. Platina seems to be the only metal adap^d to 
our purpose, being a slow conductor of caloric, and not easily oxidft- 
4ed at the highest temi)erature8. 

This is tol)e drawn into wite^of '5B-'1000 or 60-1000 of an Incli in 
diameter, being about the size of a card, or brass wire. No. 26. 
Experience has shown that this size succeeds better than any other. 
If larger, the heat is carried oflTtoo fast and the ignition ceases. If 
much finer, it d<^s not retain sufiicient heat at the lower part of the 
coil to keep up the evaporation of the alcohol from the wick. 

The coifing of the wire, and the adjustment of the wick, are the 
most difficult parts of the construction. 

The coil, A. fig. 1, p. 322, is made by winding the wire round -a 
piece of wood, cut of the proper size and shape. The size is deter- 
mined by the bore of the glass tube, allowing for the diameter of 
the wire. The shape is plain cylindrical in that part which enters 
the tube ; and eUghtly conical where it projects above the tube as 
seen in the figure. (I believe this is the best shape, though I have 
succeeded as well when the coil is of the same shap^ throughout.^ 

Li winding the coil, it is best that the turns of the wire shook 
come in contact. Afterwards it is to be gently extended, so as t# 
leave 4he turns as nearly as possible to each other, without touching. 

The diameter of the coil is about one sixth of an inch where it 
enters the tube. Its length half an inch, or a little less, containing 
jftrom twenty to thirty turns of the wire. The projection above the 
tobe is about one half the length, 

B. Fig. 1, is a glass tube containing a cotton wick, which by car 
pillarv attraction carries the akx)hol up to the platina coil. The 
length of this is arbitrary, being from one to three or four inches. 
The bore is about the sixth of an inch, so as barely to admit the coiL 
The wick, consisting of eight or ten threads, is first drawn through 
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the tube, and then introduced about half way into the eoil, m w to 
oome even with the top of the tube. This requires very nice ad^ 
juatment. If the wick s» too high, the Wire is rapidly cooled by the 
alcohol, and ignition ceases in a few moments. It too low, the evap^ 
oration by the heat of the wire is insufficient. If, however, the 
other parts are well constructed, a few trials w^ill ensure success. 

Fig. 2, shows the lamp complete* The body of it is a low vial 
or inkstand, capable of holding about two ounces of alcohol. It ia 
stopped accurately with a cork, which is covered for ornament, with 
tin foil. The aperture for admitting the tube and wick, is made 
with a hot iron* 

D. is a small tube through which the alcohol is poured . A drop- 
fing tube is convenient for this purpose, but a small funnel is easily 
ikiade by cutting off an inch of the neck of a broken retort, into which 
is pushed a cork, and through this a small quill. Another orifice 
still, for letting off the air, as the alcohol goes in, may be made 
through the cork. ' The orifices of couise are to be stopped, to pre- 
vent evaporation, after the lamp is charged. 

When the lamp is completed and ch^r^ed, the alcohol is inflamed 
by holding the coil in the blaze of a candle. Afler letting it burn 
for a few minutes, the flange is blown out, when if every thing is 
properly adjusted^ the wire will continue red hot until the alcdiol 
IS exhausted. 

The explanation why the ignition of the wire is permanent, seema 
to be sufficiently simple. Alcohol, when in the state of vaper, 
combines with oxygen with great facility. The temperature of tha 
wire is first raised by the flame Of the candle to about 600 degrees, 
Fahrenheit. This degree of heat is such as to effect the combQ»> 
tion of alcohol with the oxygen of the atmosphere. When this is 
once effected, the caloric extricated bv the combustion of the alcohol^ 
is sufficient to keep the coil at a red heat, which a^n is the tern- 
perature at which the .alcohol is combustible^ sathat one portion of 
alcohol by the absorption of oxygen, and the conse(|uent extricatioa 
of heat, lays the foundation for the combustion of another pOitioD; 
and as the alcohol rises in a constant stream ^ so the effect is oon^ 
slant. The stream of vapor is much increased by the heat of the 
lower part of the coil, where it embraces the wick, and the tempera- 
ture of the alcohol is increased before it reaches the part of the coil 
where combustion is effected. Sometimes the last, or upper turn 
of the wire only is kept red hot. ' 

This lamp, though one of the most curious inventioiis of the a^, 
18 not merely a curiosity. The facility and certainly with which 
by means of a match, a light may be obtained from it, constitutes its 
utility. The proper matches for this purpose are prepared by dip- 
ping the common brimstone matches into a paste noade by mixing 
two parts of white sugar with one part of chlorate (oxy-muriat) oi 
potash. The red French matches are of this kind) and answer the 
purpose completely^ 

In cases where a light might be wanted, but a constant one wouM 
be offensive, this lamp might be a great convenience : a light being 
immediately obtained by merely touching a match to the platina 
coil, and then to the wick of the candle. Physicians or others who 
are liable^ to be called up in the night would also find it convenient. 
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Oir THE STBAH-EK6INE. 



Mrs, B, In this conversation I propose to give you some accoant 
of the steam-engine. Since Its original invention about the middle 
of the 17tfa century, it has, by a lonp* series of improvements, attain- 
ed such a degree of perfection that it now not only works our man- 
ufactares, but is beginning to be applied to their conveyance both 
by land and water. Steam-boats, you know, are already in gene- 
ral use ; locomotive steam-engines are employed on rail-ways in 
seVieral parts of England, to draw coals from the mine to the place 
of shipment ; and a rail-way is now in considerable forwardness for 
the purpose of conveying the multiplicity of goods which pass from 
Manchestet to the port a Liverpool by means of these self-moving 
earriages. 

CaroHjie. Afler having both seen and heard so mach of steam^ 
engines as we have done of late years, I am almost ashamed to con- 
fess how ignorant I am of the principles on which they act ; but the 
machinery is sq complicated, there are so many pipes, and valves, 
and boilers, and coolers, and I know not what, that really one's 
head grows quite confueed, and can understand nothing. 

Mrs, B. Here is a little abparatus of no very complicated con^ 
struction, but^imde as it is, 1 think it will assist me m explaining 
to you the principle on which the steam-engine acts. (Pig. 37.) 
It consists, you see, of a glass cylinder, and terminating in a balb, 
or ball, and a piston, which is fitted to the cylinder, and can slide 
np and dowif within H. We shall pour a little water into the bulb, 
push down the piston to the bottom of the cylmder, and make the 
water boil by plaeing it over this lamp : what will happen then ? 
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Emily, The steam rising from the water will force up the pifl» 
ton by Its ezpansion^^Jusi so— as the steam is formed the pistor 

as* % 
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Carolme. Oh ! now I anderstamd it : if this was a laxge inm crl- 
inder instead of a small glass one, and had a great beam attached to 
it to act as a lever, as I have seen in real steam-engines, that the 
bnlb was a spacioas boiler, and the lamp a furnace, we should be 
enabled by it to raise a great weight. 

Mrs, B, The force of steam, when once obtained, may be appli- 
ed to an immense number qf purposes ; it may be made to push, to 
pull, to lift, to strike ; in a word to put in motion any of the me- 
chanical powers. But as yet we have only raised the piston, we 
must get it down again in .order to repeat the stroke and coatiiiqe 
the action. As soon as I take this glass vessel from the lamp, the 
steam returns to the state of water, a vacuum is formed by its ooii« 
densation, and the piston falls by the weight of the atmosphere, 
^rhich ]^ou may recollect presses with a weight of 15 lbs. on every 
square inch of the surface of the piston.* 

Caroline, This little cylinder is easily remoyed from the lamp, 
bat we cannot take a boiler from the furnace and replace it again at 
eyerv stroke of the piston, 

Mrs. B, We must, therefore, find some other mode pf condensiiig 
the stoam, without which, the weight of the atmosphere wiU not 
iD^e the piston descend. This was at first accomplished by inject- 
ing cola .wator into the cylinder. 

Endly, The stoam would naturally give out its latent heat to the 
cold water, and this'po^verful elastic fluid would be convertecl into 
an inert liquid. 

Mrs, B, That is a conclusion, which, in the present state of 
science, it is very easy to draw : but in the 17th century the pippr 
erties of heat and of steam were equally involved in obscurity, 
When the Marquis of Worcester first attempted the construction 
^a steam-engine, it appears probable that he injected cold water 
simply with a view of replenishing the boiler, and that he was not 
aware tha^ it caused the condensation of the steam, or that this ooih 
densatjon was necessary in order to m^^ke the pistoh descend. The 
Marquis is, however, generaily considered as the original inventor 
of the steam-engine ; out it was Savary and Newcomens who im- 
proved upon his ideas, and first produced this machine sufficiently 
well constructed to be brought into common use. Fig. 38, repre^ 
sents an engine thus improved and applied to the purpose of raising 
water from a well. 

The steam issuing from the boiler B raises the piston P in the 
cylinder, and, consequently, that end of the lever L to which it is 
attached by the rod R. One end of the lever beam jbeing thus ele- 
vated, the other necessarily descends, and forces down the rod r 
^d tj^ piston p in the well W. 

Carohne, Now we have the great piston P at the top of the cylin- 
der, and the little piston p at the bottom of the well, but in order to 
bring up the water we must reverse the action of the l&ver : how is 
that to oe done ? 

Mrs. B. As soon as the piston P reaches the upper pait of the 
eylinder, the cock or valve V doses, excluding the further en- 
tree of steam i at the same time the valve Q opens, admitting* a 
jf^4iif cold water finmi the resersroir R. This condenses the steaoi 

*8ee Convenatioiui^ l^atoral Philosophy. 
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urbich filled the cylinder, and forms a vacuiim ; the piston, no loo- 
ker supported beneath, is forced down by the pressure of the ct- 
moephere; while the piston p rises, lining np the water whidi 
flows oat at m. 

CkaroHne. The water is raised by the piston p, on the prindple 
of the lifting punip,^hich I recollect your explaining to us.* Then, 
when the piston P returns to the bottom of the cylinder, the valve 
Q shuts to exclude the cold water, while the valve V opens to ad- 
mit the steam ; there could not be a more clever contrivance. 

JBmify, Y^t, it seems to me to be a pity to destroy the steam at 
every stroke of the piston : what an economy of fuel would be otk 
tained if it were possible to preservie the steam and mate it apt 
again! 

Mrs, B, Nor is this the only objefction to the introdpction of 
cold wat^ into the cylinder ; it is attended also with the incon- 
Tenienee of cooling the cylinder, so as to require a conjsiderable 
additional auantitv of steam to restore its temperature before the 
piston can be made to rise ; yet, even under these disadvantages, 
the steam-engine was found to be a powerful machine; in the 
comse of years it underwent many alterations, but received no 
rery material improvements till the celebrated Mr. Watt discdVbrr 
•d the means of obviating the defects we have noticed. *His first 
improvement was to condense the steam in a separate vessel, which 
he called a condenser ; by which means he effectually prevented 
the refrigeration of the cylinder. 

He then introduced the steam from the boiler into the cylinder 
alternately above and below the piston, so aa to make it both rise 
and fall: completely ejjicludinff the external air, the pressure of 
which became unnecessary, and which had been another cause of 
cooling the cylinder. 

Emdy, He must then have established a communication between 
the condenser and both the upper and lower part of the cylinder, in 
order to carry off the steam, and form vacuums alternately above 
and below the piston. , 

Mrs. B, This he did by means of pipes and valves, which could 
be opened or shut at pleasure. 

Caroline, Then, when the steam below the piston is drawn into 
the coQdenser, the steam above it will force it down, and when the 
steam above the piston flows into the condenser, ^he steam beneath 
will make it rise. It is, therefore, essential that the atmospheric 
air should have no access to the cylinder, otherwise the vacuum 
could not be formed, for the air would rush in to supply the place 
of the steam as soon as this is condensed. But is it not difficult -to 
exclude the air completely, and ^et leave room for the piston-rod 
to move up and down freely ? 

fdrs, B, In order to render the cylinder air-tight, the piston- 
rod slides up and down through a small b^ox, so well stuffed with 
leather and hemp that no air can {lenetrate. 

These movements will be more intelligible if you examine Tig^ 
39, which represents a sto^m-engine such as is now used ; in which 
all the essential improvements of Mr. Watt are retained ; bat 
some simple and convenient arrangement of the mechanism hsf 

*8e!e convenations on JVataral Philoiophy/ 
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befell aaWitnted in die place of lus more elabovate and eoinf|1]ated 
contrivance. AA is the boiler, sxifi the fire which heats it is oon- 
lained in the fire-place BB, which, with the flaes XX, smTouod it. 
The water, when converted into steam, passes through the pipeCC, 
mnd thence into a eort of box DD ; but for the explanation of the 
construction of this box, I must refer vou to figure 40, where yoa 
will find it represented on a larger scale, as that plate contains only 
the cylinder ZZ, and the pipes which connect the box with it. 
From' this box the steam can pass either through the pipe EE into 
the upper part of the cylinder above the Nston YYin oraer to force 
it down ; or it can pass through the pipe FF and enter the cylinder 
below the piston in order to raise it. 

Caroline. Bnt when the steam enters at one end of the cylinder, 
it must make its exit at the other, and take refuge in the conden- 
ser : how does it find its way there ? for these two pipes communi- 
4satinff at one end with the steam-box, and at the other 'with the 
cylinder, cannot either of them convey the steam into the condeo- 
ser. ' 

Mrs. B. There is a separate pipe finr that jxupose, one end of 
which opens into the steam-box, and the other into the condenser. 
The orifice of this pipe alone is visible at O as it turns back before 
it descends ; but in Fig. 39 that part G which communicates with 
the condenser HH is delineated. 

Emily. And by v^hat means is the steam prevented from entering 
the cyhnder through both passages at the same time ? 

Mrs. B^ By a very simple and ingenious, contrivance called a 
sliding valve 11, which moves up and down, and alternately leaves 
|he passage .to the upper or lower pipe open : in its present sitaa- 
ixojx in Fig' 40 it is raised as high as it will go, closing the passage 
between the steam-box and the openings to the pipes E and 6, bnt 
)ea;«ing a communication between these two pipes. 

Caroline. The «t^am, then, enters at ^e boUom of the cylinder 
Jbelow the piston ; but how doyougetrid of that which is above 
it? — Oh, I see : it. descends through the pipe E, and being ex- 
cluded by the valve I from entering the steam-box, it passes into 
the orifice of the pipe 6, and is thence conveyed into the conden- 
per. 

Mrs. B. And when the valve is slided downwards so as to close 
the communication between the pipe and the steam-box, it opens 
a passsLge between that pipe and Gr ; so that the steam below the 
piston is now draj^n into tbe condenser, while tbat above it forces 
\\ down. 

EniHy. But during the time that the iralve is moving from the 

orifice of ofle pipe to that of the other, hpth must be lef^ partly 

open at the same time, so that less steam .can get admittance into 

< one pipe or escape out of the other^ than yf\\e,n one of the pipes 

is completelyopen, and the other entirely closed. 

Mrs. B. That is very true, and the stroke of the piston is less 
foroible during those intervals. There is also an instant during 
which the valve closes all the three passages ; it is when the pis- 
ton reaches the top of the dylinder, as represented 4n Fig. 30, 
Frontispiece. 

Caroline. The communication between the steam-box and the 
condensing pipe 6 is then always closed by the valve in whatever 
position it may be? 
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Mrs. B, Oertaiiily ; It would be wasting the steam to allow it 
to flow from the steam^box into the condensing pipe ; that pipe is 
iiaed merely to convey away the steam that has already performed 
its office in the cylinder ;. it therefore communicates only with the 
pipes £ and F. The Talve U, you will observe, is not flat, but 
capacious, in the form of a box without a lid ; for it is necessary 
that the communication between the pipes E andO should be made 
within the capacity of the valve ; were it flat, it would close the 
pipes E and (jt, not only from the steam-box, but from each other, 
BO that the steam could not escape into the condensing pipe. 

Thus by simply sliding up and down this hollow valve, the mo^ 
tion of the piston may be carried <m indefinitely. 

EmUig, And by what means is this valve moved, for I see no rod 
to connect it vidth the lever. 

Mrs, J9» No, it is worked by two cranks, V and W, situated at 
ri^ht angles to each othter ; of which Y is connected with the sUde^ 
vdve, I, and W is connected to the eccentric X, which is worked 
by the fly-wheel shaft U. 

Emily. But the st^am is lost, Mrs. B.; I had flattered myself 
that some means had been devised of turning it to account. 

Mrs* B» Not lost, though it is no longer serviceable i& the form 
of steam, for it gives out its latent heat, to the watet in the conden- 
ser, and this heated water is pumped up and conVeyt^d into thd 
b6iler B, Fi^^ 39, where it is re-conv^rted into st^m at a much 
less expense of fuel than if it were' cold. The condenser H, you 
will observe, is situated in a cistern of cold water, LL, and ^i repre^ 
sents the injection cpck, by means of which a stream of this watei^ 
is constantly flowing into the condenser, in order to r&«onvert the 
steam into water. 

Caroline. And how is this water conveyed into the boiler, to be 
again transformed into steam ? 

Mrs. B. The bottom of the condenser communicates with an 
air-pump MM, which raises the heated water intd a smaller cistern 
N, from whence it k elevated by the forcing pump O, and convey-^ 
ed through a pipe which is not delineated in the rlate in a cistern 
P, situated immediately over the boUer, into which it descends 
through the pipe Q.-^The small l6ver attached to this cistern, hav- 
ing a weight suspended at one end, and a float R whidi rests upon 
the surface of the water hanging from the other, is a contrivance 
to admit into the boiler exactly the quantity of water required. 
In the present position of the lever, that quantity is duly adjusted ; 
but should the boiler be further filled, the .float, which alwajrs re* 
mains on the surface of the water, and the rod to which it is at^ 
tached, must lise and elevate that arm of the lever to which it is 
suspended ; the other arm will cohstantly descend, and a valve S, 
which is suspended to that arm, will close the pipe Q so as to 
impede the entrance of more water into' the boiler. But as soon 
as the superabundance of water in the boiler is converted into 
steam, and has passed off into the cylinder, and the water resumes 
its former level, the float descending restores the lever to its horp- 
"xontal position, raises the valve S, and re-opens a communication 
for the admission of water from the condenser. 

Emily. Thip is a most ingenious contrivance ; yet the invention 
of a separate vessel to condense the steam^ was, I think, the most 
happy idea, and so simple that I wonder it did not occur Boonet« 
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Bat sinoe it is essdntial to preserye the high tem|»eTatiire of the 
cylinder, I shoald think it might be usefal to cover it with fliumel) 
or some other bad conductor of heat, in order to prevent its radia^ 
ting off coloric ; and I wonder that the cylinder should be made of 
metal, which is so good a cosductor of heat ? 

Mrs. B. Metal) though a good conductor, is, you know, a bad 
tadiator; besides, no other suMance would have sufficient strength 
and dtirability fot the purpose. Then>, instead of flannel, the cylin^ 
der, in large engines, is frequently enclosed in a larger metallic 
case, called a jacket, and the intervening part is kept filled witk 
steam, so that the cylinder itself is in a sort of steam bath, and 
suffers no diminution of temperature. 

The lever TT of this stftam-engine, you will observe, is of a 
very different construction from that of Newcomens' ; instead of 
a cuihbrous beam of wood) it consists of a plate of iron, strength- 
ened by three ribs or bars -of iron, to the central one of wMch is 
attached the several rods, 1, 2, 3, 4, which work the piston of the 
cylinder, and those of the pumps, and finally the rod 5, which is 
the operative power of the machine. This was another improve- 
ment of Mr. Watt ; he also added a fly-wheel, U, the eflfect rf 
which, you may recollect, is to equalise the motion of the machine, 
and render it uniform.* 

Caroline. This must be pecuharly applicable to a steam-engine^ 
whose motion must necessairily be accelerated every time the fur- 
nace is replenished with fuel, and retarded when the fuel begins to 
be expended. ^ 

Mrs. B. This irregularity is equalised by another contrivaaoe, 
which 1 shaU presently explain to you. The chief purpose of ^o 
■fiy-wheel is tb cathry on the action of the machine dffrinj^ Ha k* 
fftant thaitt>ccurs at every stroke of the piston, when the steam is 
excluded from the cylinder. We have observed that the power 
varies in intensity, bemg strongest when the piston is in the posi- 
tion in which it is described in Fig. 40, which is called-being at 
half stroke ; one of the passages for the steam is then entirely 
open and the other completely closed ; when the piston moves either 
above or below this point, the two passages are but partially open- 
ed or dosed ; and when it reaches either the top or the bottom of 
the cylinder for an instant all the passages are dosed, then it is 
that the operation of the fly-wheel is essential ; its inertia carries 
on the action of the lever during the instant that the action c^ the 
steam ceases ; this is called the dead-lift, and did not the fly-wheel 
overcome Che difiiculty, the engine might be stopped. 

The contrivance by means of which the qiianttty of steam tiiat 
enters into the cylinder from the boiler is regulated, I shall now 
explain to you. 6 is a valve in the steam pipe c, called the throttle^ 
valve : because it enlarges or diminishes the throat or passage in 
order to regulate the quantity of steam, so as to make the piston 
move with the degree of velocity required. 

CaroliTie. But one would suppose the valve must be endowed with 
intelUgenee to enable it to proportion its aperture to the quantity of 
"Steam required? * 

Mrs. B. That intelligence sdoae belongs to man ; his skill trans- 

*See ConversatxoBs t» Natural Philotopby. 
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fen it neehanieaUy to inanimate matter, in a manner ao wonderfolj, 
that, it is true, it sometimes appears as if it inspired these matenals 
with reason. ^ 

Emify^ Af^er haidng carried onr ingenuity so far as to make a 
few pieces of metal, cut out in different forms, and adjusted together^ 
show us the hour of the day, and even call out and tell it to us, we 
can be surprised at no mechanical invention ; and it appeared to me 

?uite natural that the Chinese, in- Captain Hallos Voyage to Loa 
!hoa, should have supposed a watch to have been alive. 

Mr», B. But to return to the regulator of the steam-engine,—* 
it was Mr. Watt who first cbntrived to make this throttle-valve 
self-acting ; by adjusting it so, that when the piston was moving 
with too sreat velocity it would contv^t and admit less steam into 
the cylinaer, and thus, diminish the speed of the machine. And 
when, on the contrary, it was moving too slowly, it would enlarge 
and admit a greater quantity of steam, and thus accelerate its ve- 
loci^. 

The two balls a a. Fig. 39, are so adjusted that the motion of 
the piston makes them revolve round the spindle b. When the 
piston moves with proper celerity, these balls, during their revolu- 
tions, will remain at the dic^ance from each other described in the 
plate; but what ¥nH occur if the velocity of the piston be in- 
creased^ 

^Emiiy, K you increase tna cause, the ef^ will be in<?reased is 
proportion; the velocity of the balls will be accelerated, and their 
centrifugal force consequently augmented, so that they will recede 
farther from each other. 

Mrs. B. Very well; now these balls are connected with die 
tfarottling-valve 6 by means of the rods c d, m such a manner that 
when the balls recede from each other, the rods c and d are a little 
elevated, and the valve, which is a thin vane moving upon a pivot, 
presents its face to the stream of steam issuing from the boiler, and 
m a great measure opposes its passage by almost closing the pipe« 
When, on the contrary, the piston moves too slowly, the motion of 
the baUs being retarded, and tibeir centrifugal force diminished, they 
approach each other, the roda c and d are depressed, and the valve 
moving on its pivot is turned edgeways towards the steam, and thus 
leaves it a free passage. This apparatus, which regulates the throt- 
tle-valve, is oalled the governor. 

Ermty, It is a very ingenious contrivance ; but Idrs. B., there is 
sometiimff which still perplexes me. The motion of the ends of 
the lever^am is in a curve line, yet the piston must move up and 
down in a straight line ; now, how can a power moving in a eurve 
line nroduce motion in a straiffht line ki another body ? 

Mrs, B. This was attended with some difficulty, but the inde- 
&tigable ingenuity of Mr. Watt discoTored a mieans of overcoming 
it, called the parallel motion. He adjusted a system of levers, e, f, 
g, h, in such a manner, that though the lever-toam in its rising and 
nlling described the arc of a circle, that of the piston was rectili- 
near : but this piece of mechanism it would take us much time to 
ex^ain. ' 

Smibf. Pray how aie the hiffh-pressuie engines constnietedy 
vhich have been described as so dangerous ? 

AC**. B. They act on the same piineiple as that ^we have jnrt 
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, hntyinateadofbeing'fimiidiedvilh&OMuleiiaer^ 
jponip, As ileaiii is allowed to eaeape from thm cylisder into the 
ot>en air; this communication with the atmosphere renden it oecw- 
Buy that the steam should have a muck greater force than the pies- 
siim of the atmosphere, as it most eounterhaJanoe that pressure 
before it can aot upon the piston. We know from experiment that 
elesm rising from water, he^ed to the boiling point or the tempe^ 
atore of 213° of Fahrenheit, will balance the pressure of the atmo»> 
nhere ; or, which is the same thing, press a||ainai the piston with i 
feroe equal to nearly 15 lbs. on eTery square mek : 2 lbs. abow this, 
17 lbs. is the force employed in the condensing or low-pressure ea- 
fines : but in those which ha^e no condenser Uie water in the boila 
IS heated considerably beyond the boiling pomt, aoquires a tsij 
great expansile force, and exerts a proportional pressure on the 
piston ; it is sometimee carried so &r as to work the piston with t 
piessnre of 60 or 80 lbs. on every square inch. This hi^hlv elastie 
steam entering alternately at each end of the cylinder, will dritethe 
IHston backwards and forwards notwithstanding the pressure of the 
Sitmosphere ; and no condenser being used, the steam escapes through 
a tube caUed a waste pipe. It is ea^y to conceive that the greater 
the elasticity of the steam, the ffreater is the chance of the boiler 
bnrsling : but the obeapneas of these engines, owinff to the sun- 
plicity of their construction, and the convenience of occupying a 
/H>mpantisely saiaM ^eoe, makea tfaem at^l oeeasioiially adopted. 
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A. 



jSeetates. Compounds formed by the combination of a base with acetie acid. 

jteUt* Compounds formed by the combination of oxyeen with certain elementary 
bodies, forming in general, a class of substances which are sour to the taste, 
and which unite with allcalies and metallic oxyds to form salts. 

jteidmUs. Substances formed by the natural combination of some acids with a 
quantity of potash. The ozaUe and tartaric acids are' examples. 

jteri/»rM fluid*. Elastic fluids. Atmospheric air and the gases are of this kind. 
Their aeriform state is owing to the caloric with which their bases are com- 
bined. 

^. MMcoI. A term used to express that peculiar propensity which aubstan- 
ces of diflerent kinds have to unite with each other, as acids and alkalies, dbe. 
•— ^aggregation. That force is so called by which substances of the same kind 
tend to unite, without changing their qualities. 

tfeampaniion. That force by which substances of difl'erent kinds combine, 

and form a third, which differs from either of the two first, before the combi- 
nation. Thus muriatic acid and 'soda form common salt. 

J^uman, Coagulable lymph. It is contained in animal substances, as the leraBi 
of the blood. The white of eggs is albumen. 

Meehol, BecUfied spirit of wine. It Is always the same, from wbAtever kind of 
spirit it is distilled. 

JStUcaltes. Peculiar substances which have a caustic burning taste, and a strong 
tendency to combination, particularly with acids, and with water. 

wf Usys. A combination of any two metals, except mercury. Brass is an alloy of, 
copper and zinc. 

AnuUgam, A mixture of mercury with any other metal. 

Anmlftu. Separation of the constituent parta of compounds, for the purpose of de- 
tecting their composition. This is done by rt-agaUa. 

jimuoHng' Bendering substances tough, which before were brittle. The metals 
are annealed by heating them red hot, and then cooling them gradually. 

Arseiuatea, Salta formed by the combination of a base with the arsenic acid. 

jSzoU. This name Is given by the French chemista to uUrogm, which see. 

B. 

Bmbama. Resinoas, temi-flufd sabstanees, which are obtained from certain trsee 

by making incisions. 
Baromtter. An instrument which indicates the variations of the pressare of tlie 

atmosphere, as thermometars do of heat and cold. 
Base, A term used bv chemists to denote the substance to which an add ii united 

to form a salt. Thus «o(/a is the ftose of common salt. 
BemtoaUa, Salta formed by the union of the bentdie acid with a base. 
Btaw-mpe, An instrument to increase and direct the flame of a lamp, for the aaal;^ 

sis of minerals, and for other chemical purposes. 
BaraUt, Salta formed by the combination of any base with the aeid of borax. 



dsleersens. A chemical term fomeriy ap|rtied to describe chalk, marble, and all 

.tOhmr «AmhinJtftiAfia «f Hiimi with ftaHkn»l«> a4»ljl. 



Other combinatl<nis of lime with carbonic acid* 

fsiwrtisn. Thof— " — * ' " " 

regulated as to 
▼emlent foraa. 



CW siw sf isn. The application of heat to aaliae, metallic, or other snbetanees ; ao 
l^-fPl^i'^?!-!^ deprive them of moiature, *e. and yet pieserve them In a pnl- 
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Cd0rie» Tb» chemical tom for the matter of beat. 

free. la caloric in a aeparate state, or, If atucbed to other subetancn, nt 

dumieatty united with them. 
Uaemt. Is the term made use of to express that portion of caloric vhick is 

chemically anlte4 to aoy substance, so as to become a part of the said subsla&ee. 
Cal»rimM«r, An instrument for asceruininf the quantity of caloric disenfagod 

from any substance that nray be the Abject orexpMment. 
Csb* An old tenn made use of to describe a metaiiic oxide. 
Osaqiiktfrale*. Baiu formed by the combination of any base with the eamphoris 

acid. 
CtfiUarjf, A terra usually applied to the rise of sap in vegetables, or the rise of 

any fli\id in very small tnbea; owing to a pecnUar Itimd mi attraction, called 

capillary attraction. 
.Osr*ra. The basis of charcoal. 

CsrAMMte*. Salts formed by the combination of any baas with carbonic acid, 
CmrhtreU. Compound sub^nces, of which carbon forms one of the consti 

parts. Thus plumbago, which is composed of carbon and iron, is called car- 
buret <^ iron. 
Cmutieity. The quality, in certain sufistanceii, by wUch they bom or corrode an- 
imal bodies to which they are aMtied. It is best explained by the doctrine of 

chemical affinity. 
CkalfibeaU. A term descriptive of those mlperal waters which are impregnated 

with iron. 
CkmroHil. Wood burnt in close vessels ; it is an oxide of carbon, and genemlly 

contains a small portion of salts and earth. Its carbonaceous matter may be 

converted by combustion into carbonic acid gas. 
CUtriM. A name lately given to the substance usuaHy called oxy-mvriatie acid. 

Its compounds are called by the name of their bases, with the endlAg of mc 

As phosphorane, sulphurane, &e. 
Oramait^, Salts formed by the combination of anv base with the ehroBiic add. 
XHtraUt^ 'Salts formed by the combination of any base with citric add. 
CmI. a term applied to the residuum of any dry distillation of annual or * 



Ofkesion, A force inherent in the particles of all substances^ exceptlBg l^it and 
caloric, which prevents bodies from falling in pieces. 

Co hm ba t e s . Salts formed by the combination of any base with the cotambie acid. 

Cm^inaticn, A term expressive of a true ehemieul union of two or aobre nabslaa- 
ces i in opposition to mere mechanical mixture. 

Cdmbiutibles. Certain substances which are capable of combining more or teas 
rapidly with ozyjen. They are divided hy chemists into simple and comnMind 
combustibles. ^^ 

Ctmbuttitm, The act of absorption of oxygen by combustible bodies ftom atmos- 
pheric or vital air. The word decoinbustion is sometimes used by the French 
writers to signify the opposite operation. 

OrwahUs. Vessels of indispensable use in chemistry, in the various operations of 
fusion by heat. They are made of baited earth, or metal, in the form of an in- 
verted cone. 

tStrysMiitatien, An operation of natnre, In which various earths, salts, and met- 
allic substances, pass from a fluid to a solid state, assuming certain determinate 
geometrical figtti'es. 

OfstallizatHnif water 4^ That portion wMch is combined with salta In the net of 
crystallizing, and becomes a component part of the said saline substances. 

Ci^ A vessel made of calcined bones, mixed with a small proportion of clay 
and water. It is used whenever gold and silver are refined, by melting tbem 
with lead. The process is called cnpeHatioa. 

D. 

'ikuniposi^. lfh^'teii^iaitUiitk)i>tXhe co'natlttient princlplea of compound bodies ftf 
chemical means. 

O^tfif^fm. The vivid combustion that Is projduced whenever nitre, mixed wHh 
an lofianlimable substance, is exposed to a red heat. It may be attributed to 
^extrication of ozjrgen teotn the nitre, and its behig transferred totbe Inflam- 
mable body ; as'ai^y of^e nitrates or bxygeniKed iniirifttes will prodnoa the 
same effect. 

JMifMSMMMs qftelid saUrne hodtet, signifies their becoming moist, or liquid, hy meant 
of water which they' absorb from tbeMmosphere ii»a>asequmice of their gieat 
,,_ • attractions for that fhiid. 

»*««iftrVW*rt»riy'die«»*ld»te.) Tb'deprtter«boa:y6rok9«en. 

^SfcSSSii^A!*'"™ ""^^ uwef te««pre«rtiiat«pfcihtfton by which «tM rab- 
■faa«iu..«*«*.^^^2£Jifittb«as»eb«fili«l«fieli.T£^^ 



DP caEMfCAL TSBin. Mm 

tlrtfncfioii. An •zplofion with BoiM. It is most commonly ftM>lle4 tQ tlie esplo- 
•ion ofnitr^, when thrown upon heated charcoal. 

Digestion. The effect produced by the continned soaking of a aolid aubstanco in it 
liquid, with the application of heat. 

l>iguUVi PqpiH't. An apparatus for reducing animal or vegetable substances to • 
pulp or Jelly ezpeditiousty. 

Duiaiation. A process for seimrattng the volatile parts of a sobstanoe from tha 
more fixed, and preserving them notli in a state of sepan^tion. 

VuetaUy. A quality of certain bodies, in consequence of wliioh they may be draw* 
out to a certain lenKlh, witiuNA fracture. 

MMeifcaUon. The combination of mineral acids with alcohol. Thus we have dul- 
cified spirit of nitre, dulcified spririt of vitrol> &c. 

E. 

JSduUoration. Expressive of the purification of a substance by watihing with water. 
Jfflfrvescenee, An intestine motion which takes place in certain bodies, occasioned 

by the sudden escape of a gaseous substance. 
XifioTMcenee. A term commonly applied to those saline crystals which become 

pulverulent on exposure to the air, in consequence of the loss of a part of tb9 

water of crystal! ixation. 
EUutidty. A force in bodies, by w^ich they endeavor to restore tliemselves to tke 

posture from whence they were displaced by an external force. 
■J^attU fluids. A name sometimes given to vapors aid gases. Vapor is called an 

elastic fluid ; gas, a permanently elastic -fluid. 
'Elective attractions. A term used by Bergmann and others to designate what we 

now express by the words chemical aflinity. When chemists first observed 

the power which one compound substance has to decompose anotiier, it was 

imagined that the minute paiticles of some bodies had a preference for aom^ 

other 'particular bodies ; hence this. property of matter acquired the term eleo- 

live altmdtinn. 
Elements. The simple, constituent parts of bodies which are incapable of decon»- 

'position I they are frequently caned principles. 
Empgreuwia^ A peculiar, and indescribably disagreeable smell, arising lYom tlM 

burning of animal and vegetable matter la close -vesscils, 
^ikera. Volatile liquids formed by the distillation «f some of the acids with ■*> 

' cohol. 
Bvaportuion. The conversion of fluids into vapor by heat. This appears to ba 

nothing more than a gradual solution of the aqueous particles in atmoepherie 

air, owing to the oliemical attraction of the latter for water. 
Eitdiometer. An fnitrumettt invented by Dr. Priestley for determining tile purito 

pf any g iven nort ipn of atmospheric air. The ifcieace of investigating the dif- 

liunaBt kinds TO gases is calledveudiometry. 



JFWnuaXation. A peeiltlar spontaneous motion which takes place in an vegeiab)i 
Qiatter, when exposed tor a jiertain time to a proper decree of temperature. 

JFihine, Tliat white, fibrous substance which is left after freely washing thf 
coagulum of the blood, and which chiefly composes the muscular fibre. 

'I^Tover^. In chemical language, are solid, dry substances, reduced to a powder 
by sublimation. Thus we have flowers of arsenic, sal. ammoniac, of sulphur, 
&c. which are arsenic, sal. amatoniac, and snlphw, unaltered, exc^ in ap- 
pearance. 

VUfites. Salts formed by the coniWnatlon Of any base with fluoric acid. 

'Ffyit^jfy. A tenn applied to aH liqnid substances. fioNds are ^converted to Ihilii 
by combining with a certain pntion of caloric. 

•ffrnx, A substance vhich is mixed with metallic ore, or other 1)04168, to fwomota 
their fusion ; as an alkali is mixed wIHi silex in orderlo form glass. 

JP^w$msUion, Thundering, or explosion wirli noise. We have ftilminatinv sMyOf. 



i^lminnting gcrid, and other miminathig powders, Which explode with 
report by friction, or when slightly heated. 
ion. The state of a body which was solid in the temperature of 
«]id ia now fendeffe4 fluid t^ the artificial application «f heat. 



9cOkf*s. I9alts femrad hy the conMnatkn of any hate with galHe mM. 
aeJxMtmtm. A new aeience which ofiTers a variety of phenomena, - 
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iifbmt MD^octon oreleeTrictty placed in dUferent cirenmrtiinciw of eontaet; 
particaUrly tbe nervea of tbe animal body. 

Oat. All aolid auiMtancM wben converted into permanently elastic fluids by eal- 
'orie, are called Kmeu, 

OsMSM. Having ibe nature and properties of gas. 

Oagomettr, A name 'given to a variety of ulensiU and appantns contrived to meas- 
ure, collect, preserve, or mix the difibrent gases. An apparatus of this kind ii 
also used for tbe purpose of administering pneumatic medicines. 

CMsttM. A cbemical term for animal Jelly. It ezisu particularly in tbe tendons 
and the sldn of animals. 

QUtfH. A vegetable substance somewhat similar to animal gelatine. It is tbe 
gluten of wheat flour which gives it tbe property of making good bread, and 
adhesive paste. Otiier grain contains a much less quantity of this nutritions 
substance. / 

Ormn. The smallest weight made use of by chemical writers. Twenty grains 
make a scruple ; 3 scruples a drachm; 6 drabhms, or 480 grains, make an ounce ; 
19 ounces, or 5760 grains, a pound troy. Tlie avoirditpm* pound contains 7000 
- grains. >> 

OrmMulation. Tbe operation of pouring a melted metal into water, in order to di- 
vide it into small particlea for cbemical purposes. Tin is thus granulated by 
tbe dyers before it is dissolved in the proper acid. 

OrmiUff speeijic. This diff'ers from absolute gravity inasmuch as It is tbe weight 
of a given measure of any solid or fluid body, compared with the mum meMsttre 
of distilled water. It is generally expressed by decimals. 

Oasu. If ucilaglnons exudadons f^ou certain trees. Gum consists of lime, carbon, 
oxygen, hydrogen, and nllrogen, with a little pliospboric acid. 

H. 

Heat, NMtter rf: See Calorie, 

SermetieaUff. A term applied to tbe closing of the orifice of, a glass tube, so as to 
render it air-tight. Hermes, or Mercury, was formerly supposed to bave beea 
tbe inventor or Chemistry ; hence a tube which was closed for chemical par- 
poses, was said to be Hermetically or chemically sealed. It is usually donelgr 
melting the end of the tube by means of a blowpipe. 

Mffifgmu A simple substance ; one of the constituent parts of water. 

gaa. Solid hydrogen united with a large portion of caloric. It is tlie UgW- 

est of all the known gases. Hence it is used to inflate balloons. It was for- 
merly called inflammable air. 

Hjfdre-CarboMates, Combinations of carbon with hydrogen.are described by this 
term. Hydro-carbonate gas is procured from moistenea charcoal by distilla- 
tion. 

Hydregeniiei tuiphmreta. Certain bases combined with sulphuretted hydrogen. 

HgA^Oxydee, Metallic oxides combined with water. 

HifdromeUre. Instruments for ascertaining tlie specifld gravity of spirituous liqaon 
or other fluids. 

BfgromeUre. Inslruments for ascertaining the degree qf moisture in atmosphoie 
air. 

Hfperoxffgenixed, A term applied to substances which are combined with the 
largest possible quantity of oxygerr. We bave muriatic acid, oxygenized mo- 

riatic acid, and hyperoxygenized muriatic acid. The Jatter can be exhibited only 
in ciHubination. 

I. 

hMmmettim* A phenomenon which takes place on mixin| certain substaaoes. 

The mixture of oil of turpentine with strong nitrous acid is an instance of tills 

peculiar chemical effiact. 
b^^uwn. A simple operation to procure tbe salts, juices, and other virtues of v^ 

etables by means of wster. 
/Mtsnaedrstes. A term made use of wben speaking of chemical afiinily. Oil, f(V 

example, has no aflinity for water, unless it be previously combined with an 

alkali, It then becomes soap, and the alkali is said to be the vHttnmtaiam which 



KaU, A goMs of marine plania whkh in burnt to proeara mineral alkali, by 9tM- 
wards lixiviating the ashes. 
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Jf^fAoroeofy. A ivtom fitted up with appamtiM for the perfomuuiee of chenlcal qm- 

erations. , .. ^ 

Lttetates. Sa\ik €anne4 by the cooibinatioa of apy base witb lactic add. 
iMlsga, Certain colors made by combining the colpriiiff oiatter of cochineal «it of 

eertain vegeubles, with pure alumine, or with oxide of tin, zinc, &c. 
Lmmpf Jtrgand?s. A Jkind of lamp nHichueed for cliemical experiments. ItlsQiaAs 

QP.tbe principle of a wind furnace, and thus produces a great degree of 4iMl 

and heat without smoke. ^ ^^ 

U»f' A glass, coiivex on both sides, for concentratiug the rajs of the san. It > 

empioyed by chemists in fusing refractory substances, which cannot be oj)ei»- 

ted on by an ordinary degree of heat. 
lAvigation. The grinding down of hard substances to an impalpaWe P9«v4«r on % 

stone with a rauller, or in a mill adapted to the puiriose. 
LUkarge. An oxide of lead, which appears in a state of vitrification^ Itiatatmei 

in theVocess of separating silver from lead. 
lAxiviation. A fluid impregnated with an alkali or with a salt. 
iMte. A composition for closing the junctures of chemical vessels to prevent Ite 

escape of gas or vapor in distillation. 

M. 

jMaceraUon. The steeping of a solid body in a fluid, in order to soften It, wtthoql 

impregnating the fluid. 
Mttlates. , Salts formed by the combination of any base with malic acid. 
JUaO^bilitv. That property of metals which gives them the capacity of being ff- 

tended adid flattened by hammering, ft is probahly occasioned by late j| 

caloric. 
Jfaasieot. A name givea to tiie yettoio oxide of lead, as aiiai«jn is applied 49 tfy 

red oxide. 
Matraas. Another name lor a bolt-head. 
JtfsAftnutm. The fluid in whici) a soHd body is dissolved. Thus water Is • j 

etruuni for salts, gums, &.c. and spirit of wine for resins. 
fHataXtic (kadea. Metals combined with oxygen. By this process they are \„ „ 

ally reduced to a pulverulent form ; are changed from -combustible to ^tieoi^K 

bustible sabttances ; and receive the property of being solulHe in ncids.- 
Jftnero/. Any natural sf^bstance of a metallic, earthy, or aajina nature, whfSther 

simple or compound, is deemed a mineral. 
MinerglxieT8, Those substances which are combined with naetala in the^ ores; 

surh as sulphur, arsenic, oxygen, carbonic acid, &c. 
Minerahgy. The science of fossils and minerals. 
Mmmal Waters. Waters which hold some metal, earth or^^t iu solution. ^Gt}Sir 

are frequently termed Medicinal Waters. 
Molybdiates. Salts formed by the combination of any ^se with molybdic aclid. 
Mordants. Substances which have a chemical affinity for particular colors j ,t||Mr 

are employed by dyers as a bond to unite the color with the doth intended CO 

be dyed. Alum is of this class. , 

JdueUage. A glutinous matter obtained from vegetables, transparent and tastclesfr. 

aohible in water, but not Hi spirit of wine. It chiefly consists of «arhop Alv 

hydrogen, with a little oxygen. 
Mvmtiss. Salts formed by the combination of any hose with the mucous ae|d« 
Jhfffie. A semi-cylindrical utensil, reseraMing the tilt of a boat, made of ^ke4 

clay ; its use is that of a cover to citpels-in the assay Aimace,4o prevei^ the 

charcoal from foiling upon the metal, or whatever is thesuhjeet of exper|nr|HjHH 
Salts formed by tbe.eomhinatlon of any base wi|h muiilftio 4^{t* 

N. 

JVofreiti. One of the names (br mtneraS alkali, or foda. 

iMirfnpZbs. When two or more sohstances mutnalljr dispiiie ^Mk •tfuir'a.9Mt#' 

tiw, they are said to nmitmlise one another. 
Neutral SaU. A substance formed by the unlon^of an AOid «ritlian.iilkftU,«li.ttirtl|, 

or a metallic ojtide„in such proportions as to saturate both the base and tM 

acid. 
Miratet, Balls formed by the comblnatioi of any base with nitric acid. 
jmngen, A simple substance, by the rrench chemists called asote. It anten 

tato a variety ofjH»jBm«4*«.|IH^i^W.II»9^^ tUmm^^f^^^^Mmk 
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Ockm, Varkms eoroUnationf of tbe earths wiUr oxtde. or carbonate of iras. 

4in$, Metallic earths, which frequently contain several eztraneoos matters ; aadi 
as sulphur, arsenic. &c. 

OsaiaUM. Salts formed by the combination of any bate with oxalic add. 

QsMe. Any substance combined with oxygen, in a proportion not aufllelent to 
produce acidity. 

Oaadixe. To combine oxygen with a body wttbofft producing acidity. 

Otidiumeiu, The operation by which anv sabttance is combined with oxypn ia 
a degree not sufficient to produce acidity. 

Oxfigen. A simple substance composing the grtatut part of water, and part of at- 
mospheric air. 

goB. Ozycen converted to a gaseous state by calorie. It is also called 
vital air. It forms nearly one fourth of atmospheric air. 

(Afftmu, To acidify a substance by oxygen. Synonymous with oxygenate i bat 

' the former is the better term. « 

OEffemMsuirt. The productiop of acidity by oxygen. 



PattkU. A thin skin which forma on tiie surface of saline solutlona and othar 

liquors, when boiled down to a certain strength. 
PUogisUm, An old chemical name for. an imaginary substance, snpposed to be a 

combination of fire with some other matter, and a constituent part of all ia- 

flammable bodies, and of many other substances. 
Ptaapkau*, Salts formed by the combination of any base with phosphoric acid. 
Pk t^ ki tes . Baits formed by the combination of any base with phos^orus add. 
n^^nrets. Substances formed by an union with phosphoms. Thus we hafe 



pbospburet of lime, phospburetted hydrogen, &.C.' 
tt^ofo. Carburet of Iron, or the black lead of c 



PiwMafo, Carburet of Iron, or the black lead of commerce. 

Pmemmatie, Any thing relating to the airs and gases. 
' trough, A vessel filled in part with water or mercury, tor tbe porpam 

of cdleetittg gases, so that they may be readily removed from one veaM to 
another. 

PneifiUU. Any. matter which, having been dissolved in a fluid, (nils to the bot- 
tom of the vessd, on the addition of some other substance capable of prodociaf 
a decomposition of the compound, in cori'sequence of its artractioa either for 
the menstruum or for the matter which was before held in solution. 

PrteipUation. That chemical process by which bodies dissolved, mixed, or sot- 
. pended in a fluid, are separated from that fluid, and made to gravitate to the 
bottom of the vessel. 

Pnunatee, Salts formed by the combination of any base with pmssic add. 

PvtrrfaeUen, The last fermentative process of nature, by which organized bodiei 
are decomposed so as to separate their principles, for the purpose of reunitinf 
them by Aitpje attractions, in the production of new compositions. 

Pj/riu$. An abundant mineral found on the English coasts^ and elsewhere. Some 
are solphurets of iron, and others sulphurets of copper, with a portion of alo- 
mine and silex. The former are worlced for the sake of the sulphur, and the 
latter for sulphur and copper. They are also called Marcasites and Pire-stoae. 

■ martial. That species of pyrites which contains iron for its basis. See t 

Aill account of these minerals in HenckePs Pvritoloeia* 

Pfro m eUr. An instrument invented by Mr. Wedgwood for aseertaininf the da- 
grees of heat in fVimaces and intense fires. See Philosophical Traasactiotts, 
vol. Ixti. and Ixlv. and Chemical Catech. 



FyrspJksrt. Compound substances which heat of themselves, and take fire on 1 
admiasioD of atmospheric air. See an accoant oX a variety of experimoBta « 
theae eonpositions in Wieglib*a Chemiatry, 4to. p. 689, dee. 



^iiarcf. A name given to a variety of olliceoas eartfaa, nixed with a small pMtiM 
of lime or alumina. Mr. Kirwan eonfinea the term to the purer kind of iBei. 
Eeek cryatal and the aaetiiyst are apedea of ^oarts. 

, . R. 

<> ■#- '• ■ A dieraicsl tenn Ibr fbauntt of bodiao ; which see; 

B ia y iaa d, When thobMaof jMijcidif componedoftwoornoitnltni- 
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CM, H to Mid that the acid is formed of a umpnmd ndleal. The nilphwle 
acid to formed with a nmpZ^radical ; but the veiKetable acldiu which have rad- 
icate composed of hydrogen and carbon, are said to be acids with compound 
radicals. 

Reagents. Substances which are added to mineral waters or liquids as tests to. dis- 
cover their nature and composition. 

JUeeioers. Globular gloss vessels adapted to retorts for the purpose of preserving 
and condensins the volatile matter raised in distillation. 

JUetifieatioHf is nothing more than the re-distillinE a liquid to render it more pure, 
. or more concentrated, by abstracting a part of it only. 

Redmetion. The restoration of metallic oxides to their original state i^ metato j 
which Is usually effected by means of charcoal and fluxes. 

Mi^finiHf, The process of separating the perfect metals from other metallic aubatan- 
ces, by what is called cupellation« 

B^frigeratory. A contrivance of any kind, which, by coptaining cold water, ant- 
wers the purpose of condensing the vapor or gas that arises in distillation. A 
worn-tub Is a refrigeratory. 

fUgwhu, In \he chemical acceptation, signifies a pure metallic substance, freed 
from all eztraneoi|s matters. 

Il^ishtoii. A principle whereby the paitfcles of bodies are prevented froax coming 
1.9 actual contact. It is thought to be owing to adoric^ which has been called 
the repulsiv/s power. ' ^ 

Reabte, Vegetable Juices concreted by evaporation either spontaneously or by fire. 
Their character is solubility in alcohol, anj^ not in water. It seems that the/ 
owe their solidity chiefly to their union with oxygep. 

Retort. A vessel in the sbapA of a pear, with its neck iient downwards, qsed in 
distillation ; the extremity of which neck fits ii)to th^t of another bottle, icalle^ 
a receiver. 

Retkrcrffetal, Giystallized silex. , 

S. 

SaeeMaies, Salts formed by the combination of any base with saccholactic acid. 
tMifiable haaee. All the metals; alkalies and earths, which are capable of combin- 
ing with acids, and forming salts, are called salifiable bases. 
SaUne. PartakU>g of the properties of salt. 
Soits, neutral. A class of substances formed by the copibination to satuiration of an 

add with an alkali, an earth, or other salifiable base. 
trifU, Salts formed by the combination of an acid with two bases or radicals. 

The tartrate of soda and potass (Roehelle salt) is' ah insunce of this kind of 

combination. 
SapoMceoiw. A term applied to any substance which is of the natur^ or appear- 

aneeofsoap., 
Satmretwn. The act of impregnating a fiuid with another substance, till no nron 

can be received or imbibed. A fluid which liolds as much of any substance aa 

it can dissolve. Is said to be saturated with that substance. A solid may in the 

aame way be saturated with a fluid. 
Ssfrotes. Salts formed by the combination of any base with sebacic acid. 
Semi-MetaJ. A name formerly given to those metals, which, if exposed to the fire, 

are neither malleable, ductile, nor fixed. It is a term not used by modem 

chemists. 
SUiuoue eerthe. A term used to describe a variety of natural substances, which 

are composed ahiefly of silex ; as qua|tz, flint, sand, &.c. 
Sinifle et^staneee. Synonymous with Elements ; which see. 
amdUng, The operation of i\ising ores for the purpose of separating the melp,1a 

Itoev contain, from the sulphur tfnd arsenic with which they are mineraliMd, 

and also from giiber heterogeneous nkatter. 
Sokttien. The perfect union of a solid substance with a fluid. Salto dissolved in 

water are proper examples of solution. 
S^pm re , A name formerly given to various crystaliized stones ; such as the floor 

ipar, the adamantine spar, &c. These natural s« bstances are now distiif gnialft- 

ed by names which denote the nature of each. 
StdUetUes. Certain concretions of calcareous earth, found suspended like icielet 

in caverns. They are formed by the oozing of ^a.ler through the cravieeo, 

charged with this kind of earth. 
atetttUee. A kind of stone composed of silex, iron, and magnesia. Also caUed 

French chalk, Spanish chalk, and soap-rock. 
Sub-mMe, Salts with less acid than is sufficient to neutralisse their radicals. 
SiAeratee, Salts formed by the combination of any base with the suberic acid. 
SnkUm tH en, A process wnerebv certain volatile substanAes are raised by baat^ - 

and again eondenaed by cola into a solid form. Flowers of sulphur are made 

tn tbto wajr. The loot of our comniQ^ fiiea ia a IhmiUar inaliuioa of this pto- 
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BtM» timed ^f the comblnadon of Mf faaie with anedote acid. 
Balu fermed by tbe ei>nbtD«tion of any bnM with the sulphDric dM. 
Aills formed by tbe combinatibn of any bate wfth ihe snlphurmuadd. 
I and Suipkmrets. Combination of alkalies or metal* with sulphur. 
Ef«d. A substanee is said to be sulpbarettrd, when it is combined with 
'aulpbur. Thus vre say sulphuretted hydrogen, fcc. 
AqMTSMte. Sails with an exqess of acid, as tlie supertartrate of potass. 
SifmUuma. Wbea a body is examined by dividing it into its component parts, it ii 
called onofytfu ; but when we attempt to prove tbe nature of a substance tf 
(be lunaii of iCa principles, the operation is called synihesis. 



TartnUM, fialu formed by llie combination of anv base witb the acid of tartar. 
Temperetart, Tbe absolute quantity of free caloric which is attached to any body, 

occasions tbe degree of temperatNce of tltat body. 
TuL That part of a cupel which Is impregnated with Ikfaarge In tife operation of 

leflaing lead^ It is also ihe name of whatever is emidoyed in chemical expec- 

iments to detect the inipredients of any comfmsition. 
TVsC-popers. Papers imprecnated with certain chemical re-agents; such afe Ulnai,< 

turmeric, radish, dec. They are used to dip into fluids, to ascertain, by a.chanip 

of colors, the presence of acids and alkalies. 
Tkarmomtter. An instrument to show the relative heat of bodies^ Fahtenbeit*! 

tbermemeter is that chiefly used in England. Other tbernMiraeters are used is 

diffieient parts of Europe. 
Thutmrta, Solutions of subsunces in spirituous menstrua. 
TViteraftim. A chemical operation, wliereby silbstanoss are aaited by ftictifli^ 

Amalgamt are made by this method. 
T^bulaUd, Betorta whicli have a hole at the top for inserting tbe materials to te 

operated upon without taking them a«t of the sand heat, are called tuMttd 



1^i/tg*tatu, cuts formed by tbe comhiDation of any base witli tungstic acid. 

u. 

tTnum, tkemieaL When a mere mixture of two or more substances ia made, tlwf 
are said to be mechanically united ; but when each or either substance fotmi 
a component part of the product, the substances have founed a cA«n«scs< asioi' 



FiosMMn. A space unoecupied Inr matter. The term ie generally applied to tbe 

exhaustion of atmospheric air b^ chemical or pbilosoi^icai means. 
Vapor. This term is used by chemists to denote such exhalations only as can be 

condensed and rendered liquid again at the ordinary atmospheric 'temperature, 

in oppoaition to those which are permnneaily elastic. 
y'aal air. Oxygen aas: . The empyrial ot fire-air of Scheele, and tlie depblogisUca- 

teda4rofPrieaCly. 
VitHifieatitm, When certain mixtureajnf solid substances, such as silex and alfctlii 

are exposed to an intense heat, so as to be fused, and become glass, tbey are 

tlien said to be vitrifled, or to have undergone vitriflbation. 
Filrisb . A class of substances, either earthy or roetall ic, which are combined wilb 

Che vitriolic acid. Thus there is vitriol of lime, vitriol of iron, vitriol of copper, 

Ace. These salts are now caUed sulphates, because the acid whteh fomw tlieii 

Js called eulphurjc acid. 
Vdrialaled Tartar. The old name for sulphate of potass^ 
-f^alsfjfo JItkalL Another name for ammonia. '' 

#MeCiie Salts. Tbe commercial name for carbonate of ammonia. 
VolatUity. A property of some bodies 4vhich disposes them to aasunie Ute gaseoof 

stale. This property seems to be owing to their afflni^ for calm^ic. 
yahme* A term made nse of by BMMleffB ewmista to oxprass the spoee oeeopM bf 

gaseous or other bodies. 

'''*fJJ'*"I*l»n«>*t common of all flaidji, composed of 85 patiji Oi^fen, apd )^ of 
Water* whfeb are impregnated with minenJ and other sobittweei, 
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are known by tbit appellation. Tbeee minerals are geoeiaUy beld in lolatioB 
by carbonic, milplrarie, or muriatic acid. 

Wrngf dry. A term used by chemical Writers when treating of analysts or decom- 
position. By decomposing in tbe dry way, is meant, by the agencv of fire. 

Wmif.kmwiid. A term used in the same manner as tbe foregoing, but expressive of 
decomposition in a fluid state, or by means of water, and chemical re-agents, 
or tests. » 

WMing Beat. That degree of heat in which two pieces of iron or of platina may 
be united by hammering. 

Wi^fitm, An ore of tungsten, containing also manganese and iron. 

fFonn-tttfr. A chemical viessel with a pewter worm fixed in the inside, and in the 
intermediate space filled with water. Its use is to cool liquors during distil- 
lation. 

Wov^fe^s apparatug. A contrivance for distilling the mineral acids and other gas- 
eous substances with little loss ; being a train of receivers with safety-pipes, 
and connected together by tubes. 

Zdo^t. An oxide of cobalt, mixed with a portion of siliceous matter. It is import- 
ed in this state from Saxony. 

20ri0. The point from which tbe scale of a thermometer is graduated. Thns Cel- 
sius*s and Reaumur's thermometerB have their zero at the/r0ezM,r point, while 
the thermometer of Fahrenbeit has its zero at that point at which it stands 
when immersed in a mixture of snow and common salt. 
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LIST OP EXPERIMENTS. 



Ih making up the following list of e^tpeiinients I have been car^* 
fill in general to select such aa oan be made with aafety to the 
young student ; where this is not the case, the caution is mention- 
ed. Aiost of them require but v^ry simple apparatus. Where any 
experiment illustrates the text, a reference is made to the page.—' 
Some of them are original, others are borrowed. I have not, how- 
ever, deemed it necessary to cite authors. 

1. To show that heat is not absorbed, but reflected by polished 
metallic surfaces, hold a common new tin pan before the fire. The 
pan will remain cold. See p. 41. 

2. To show the power of a black surface to absorb caloric, 
smoke or paint a black spot of the size of a dollar on the bottom of a 
tin pan, and hold it towards the fire. On touching this spot, it will 
be found hot, while the parts around it remain cold. See p^ 46. 

3. To make the upper part of a vessel of water (loil while there 
is a cake of ice at the bottom. Into a glass tube put water enough 
le <eccupy two inches. Free^ this, so as not to burst the tu&, 
with a freezing mixture, or by exposure to cold in winter. Then 
fill the tube nearly full of water, and wind a fiannel cloth several 
times around the part containing the ice, so that the heat of the hand 
will not melt it. Then hold the tube in an obhque direction over 
9. lamp, so as to heat the water an inch or two above the ice. The 
Water will soon begin to boil, and by raising the tube a little at a 
time, it will boil almost at the surface of the ice without melting it. 
See p. 52. 

4. To show that Some of the metals conduct caloric better than 
othera, procure wires of the same size and length, of ^eld, silver, 
copper, iron, zmc, tin, &c. The wires may be 12 or 14 mches long» 
Coat one end of each with h&es wax, and put the other ends into a 
vessel of hot water. The wax will melt first on the metal Which is 
the best conductor, and the comparative conducting powers are (ad* 
eulated by the difference of ^me between the melting of the wax on 
€ach. See p. 51. 

5» The conducting powers of diflferent substances in l^egard to 
caloric, may be much more sensibly elucidated, by touching in cold 
weather, a metal with one hand, a piece of cork, wood or cloth 
with the other. Here the . sensation of cold to the hand which 
touches the metal, is owing to the power which all metals have of 
conducting off heat more rapidly, than any other class of substan- 
ces. See p. 49. 

6. To show that evaporation carries off caloric, moisten the bulb 
of a thermometer tube with either, by means of a hair pencil. The 
mercury immediately begins to fail, and if the process be contina- 
ed, may be brought down to the freezing point, even in warm 
weather. Whenever a fluid substance is converted into vapor, it 
^bsorbs'a quantity of caloric. In the present case, the ether takes 



ftam ike bulb of tbe tliertiionie«Br, 4he ea£otie itkootmury to give it 
iha elastic form. Thjbrefore, every nelf applieattoii of the «llMr 
tnurnes off succesayo portions of heat, and the meiettry oontimie* 
to sink, until the bulb becomes eo cold, as to absorb caloric from 
the surroundiiig air, fastiBr than it is canted of by the evaporatioak 
This is the reason why the mercury cannot be oepressed below « 
certain poiflt by evaporation. The ether, altiiough H assumes the 
elastic form, does not receive the caloric necessary for this pHrik>8* 
firom the thermometer, but from the suilrounding air. See p. 73. 

7. To demonstrate that Adds boil at comparatively small degrees 
of heat, when the pressure of tfae'atmosphere is taken off, about 
half fill with water a small retort, or Florence flask (common oil 
fla8k>) and let it boil over a lamp. When the upper |xart is filled 
with steam, take it from the lamp, and instantly cork it ahr tieht. 
If now it is put into cold water, it begins to boil violently. If tt^en 
oat of the water, it stops boiling, and this fnay be done many times. 
This curious method of making watei* boil b^ the application of 
cold, is easily accounted for. When the flask is put into cold wa- 
ter, the steam with which it was filled is condensed, and retuma 
again to water. This leaves a vacuum, in which water is convert- 
ed into steam, or boils at a much lower tomperature than in the 
open air. See p. 58. 

8. If the above experiment is made by means of a small retort, a 
' yerv curious circumstance may be observed. When the water is 

cdd, and consequently nearly a perfect vacuum is formed, if the re- 
tort is shaken ,^there is produced a sharp rattling noise, as though it 
contained shot, instead of water^ so that one would suppose by the 
noise that the retort would be broken into a thousand parts at eve- 
ry motion. This is owing to the weigfht with which the water ftlls 
upon the glass, when there is no air to impede its motion. Seep. 64» 

9^ Into a thin glass vessel pour an ounce or two of water, and 
then pouif in two drams of suJphune aoid ; the glass will instsmily 
liecome too hot to be held in the hand. The experiment elooidatea 
the doctrine of latent heat. On mixing these two fluids, a chemic- 
al cotnbination takes place between their particles, in consequence 
of which, caloric is extricated at'the same time their bulk is dimin- 
mked. This also illustrates Dr. Black's law, that when substanoea 
pass from a rarer to a denser state, caloric is given out. If 000 
ineaBure of sulphuric acid, and one of virator^ be mixed togetlMTy 
the mixture will not again fill the measure twice. See p. 77. 

10. To produce nitrogen, take a bell glass or large tombler, and 
^vert it over a short taper, set in a shallow di^cf water. Thetfr* 
m:-i)ums until it absorbs all the^ox^gen oontained in the air under 
the bell glass. What remains is nitrogen. If now, a Kgbted tap^ 
iw pat under the bell glass, it will be instantly extingnined, riiow*- 
•ia^tbe abeolato necessity of oxygen for the support of «<mibustkm. 
See p. 100. 

44. The formation of water by the bmming of hydcogen nnybe 
sabm^ thsa : Take a Flotenoe flask, and posr into dt. half a pint «f 
-wiiter, then yvtt in about an ounce of ^lamtlated sine, er the -vam 
yi t i ty of iron filings, and then ponr m htM an ounce by measate 
wsulphuxic aetd. Have ready aeork, fiereed with abainiMig motL, 
-wmAtbe stemdf atobaooo pjpe.paased .thwwigh- the'Bpwtnre. AJktft 
-pcltiiiirintheacid^piittbecorkiBitsiitaos, udifix the flaris op^ 
«ifl^% aiMiBg kina bofwI^faoiliDaiidad liy«<ibtk4B»malCeibrtnA 
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up and prevent its breftkuiff. As the hydroi^n is formed, it inoes 
thfoogh the stem of the tobaooo pipe, at the end of which it is to be 
fixed. If now a glass tabe two pr three feet long, and an ineh or 
two wide, be passed on to the stem so as to indude the flame within 
its bore, the tube, in a few moments, will be coyered on tho inside 
with moistare. See p. 109. 

^f the orifioe of the tube is quite small at the end where the gas 
is fired, the above experiment serves to produce the musical tana, — 
Seep. 118. 

12. An exhibition of ^i» Kghi may be made as foUows : — Into the 
bowl of a common tobacco pipe put a piece of mineral^ or what is 
called sea coal, and cover the coal closely with clay. When the 
clay is dry, place the bowl in the fire and heat it slowly. In a few 
minntes the gas, called carbureUed hydrogen will issue firom the 
end of the pipe stem ; set fire to it with a candle, and it will bum 
with a beautiful bright fiame. This is the gas with wfiich the streets, 
ftctories, &c. are hghte^ in many of ihe European cities. 

In the absence of mineral coal,- a walnut, small piece of pine 
knot, or butternut meat, &c. may take the place of coal. See p. 
190, 

13. The follovnng gives an example of the manner in which sol- 
phuric acid is formed. 

Mix with a small quantity of the flowers of sulphur, s^bout one 
fifih part of finely pulverized nitre. Make a stand by hdlowing 
with a hammer a large button, and attaching wire to the eye, for 
feet, so that the button will be two inches high ; or, by any other 
-means,, place the sulphur and nitrei about this height in a shallow 
dish, containing an mch or two of water. Set fire to the mixtare 
with a hot iron, and immediately invert over it a bell glass, or larg^e 
tumbler. The sulphur as it bums, absorbs oxy^n fr^m the air 
contained under the bell glass, in a proportion which would oonsti- 
tnte sulphurmtf acid. At the same time, the heat which this pro- 
cess occasions, compete the nitre to give out another proportion of 
oxygen, which is absorbed by the sulphurous add, and this addi- 
tional quantity of oxygen constitutes sulphuric acid. 8ee p. 130. 

14. Take three parts of nitre, two of potash, and one of sulphur, 
and mix them intimately, by rubbing in a mortar. This compound 
is coXieAfubmnating powder. On placing a little of it on a shovel 
over a hot fire, it explodes with great vidence, and with a pecnha^ 
ly stunning report. 

The combustion of phosphuretted hydro fftn in oxygen gasj af- 
fords one of the most striking and beautifiol among chemical exper- 
iments. It te done as follows : Take some phoephuret of lime, vmn 
it in a paper and push it under a vessel, as a wide mouthed vial, fif- 
M with water, and hiverted on the shelf of the wat^ bath. As soon 
as the -water penetrates through the paper so as to wet the phosphu- 
ret of lime, bubbles of phosphuretted hydrogen begin to rise ap 
through the water. While this is going on, fill a strong glass vesKl 
as a tumbler, or a piece of thick fftess tube stopped at one end witk 
oxygen gas. Invert this also on the shelf of the water bath. Whea 
tiie phosphuretted hydrogen is collected, take the vessel containing 
it in one hand, and that containing the oxygen in the other ; bring 
the mouth of the former, by smlong it deeper in the water, under 
the edffo of the latt^ vessel, then by carefully depressing the bot- 
tom of the vessel containing the phosphuretted hydrogen, let up a 
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ImMe at a time into the oxygen gas. If tlus experime6t is made 
in a darkened room, the flashes of light appear astonishingly vivid 
and beatttifol. See p. 135. 

16, Take six or e^ht pains of oxy-muriate of potashy put it into 
a mortar and drop in with it about a grain of solid phosphorus, cat 
into two or three parts ; then rub them together with a pestle. — 
Very violent detonations are produced by these small quantities. 
It is best, therefore, not to use more than is here<^.mentioned at a 
time. The hand, holding the pestle, ought always to be protected 
with a fflove or handkerchief. 

17, To make liquid phosphorus, take an ounce vial and half fill it 
with olive oil, put into the oil a piece of phosphorus of the size of a 
pea: fi^radually heat the bottom of the vial, until the phoshorus is 
melted, taking care to keep the thumb on tUe mouth ; then cork 
it air tight. If this vial is first shaken, and then the cork be taken 
out, it becomes luminous, first near the mouth and gradually down 
to the oil, at the bottom. The light which a bottle prepared in this 
way gives, particularly if warmed,^ by holding it in the hand, is suf^ 
ficient to tell the hour of night by a watch. This luminous ap- 
pearance, when the cork is removed, is owing to the union of the 
oxygen of the atmosphere with the phosphorus. It is slow com- 
bustion, attended with light, and most probably with some heat. 

18, If drawings be made on silk with a solution of nitrate of sil- 
ver, and the silk first moistened, is exposed to a stream of hydro- 
gen, gas, or in any other way exposed to the action of this gas, the 
metau is instantly revived, and the silk is covered with figures of 
silver. — See p. 155. 

10. If a few drops of a solution of nitrate of silver in water, be 
placed on a bright surface of copper, the silver is revived, and givee 
the copper a brilliant white, coat of that metal. This is explained 
on the principle of affinity. The copper has a stronger attraction 
for the acid which composes a part of the nitrate of silver, than the 
silver itself ha& Therefore it attracts the acid firom the silver, in 
consequence of which this is received, and at the same time pre- 
cipitated on the copper. See p. 155. 

20. Take a little of the white arsenic of the^ shops, and mix xl 
with some finely ground charcoal; put the mixture into a small 
^lasB tube closed at one end, and expose the part where the mixture 
IS to a moderate degree of heat gradually raised ; the arsenic wiU 
be received, and wul attach itself to the upper part of the tube, giv- 
ing it a brilliant metallic coat like quicksilver. The arsenic may 
. be preserved in this state by stopping up the tube. See p. 155. 

2L Dissolve a tea-spoonful oi sugar of lead in a quart of rain 
water. Put this into a decanter, or white glass bottle, and suspend 
in it by means of a string, a piece of zinc. The zinc decomposes 
the acetate of lead by depriving it of its oxygen ; the consequenoe 
Is, that the lead is precipitated in the metallic state, on and around 
the zinc, and forms a bnlliant tree of metal. 

22. Pour a solution of nitrate of silver into a glass vessel, and im- 
merse a few slips of copper in it. In a short time, a portion ofeop- 
per will be dissolved, and all the silver precipitated, in a metalfie 
form. If the solution which now contains copper be decanted into 
another glass, and pieces of iron added to it, this metal will thto )w 
dissolved, and the copper precipitated, yielding a striking instanee 
of pecnliar affinities. See p. 176. 

30 
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S3. Ivory may be coated with silver, by the following prooen : 
Make a strong solatioo of nitrate of silver in pare water ; into this 
immerse a piece of ivory until it turns yellow; then take itoataad 
immediately plunge it into a vessel of distilled water exposed to the 
direct rays of the sun until it turns black. On rubbing it gendy it 
will appear covered with a brilliant coat of silver resembling a bar 
of that metal. This curious effect is owin^ to the solar light which 
decomposes the nitrate of silver, by taking the oxygen from it, 
which flies off in the form of oxygen gas. 

24. Through a vessel of lime water, recently made, pass bubbles 
of carbonic acid gas by means of a bladder and; tube, the lime water 
instantly becomes white and turbid, and finally deposits a quantity 
of carbonate of lime in the form of powdered chalk. U nt)w the 
water be evaporated, a white powder remains which effervesces with 
acids. If this powder is put into a retort, and sulphuric acid diluted 
with water, is poured upon it, the beak of the retort being under a 
vessel filled with water, the carbonic acid is again obtained, and 
the salt remaining in the retort will be sulphate of lime or gypsum. 

25. Mix one part of nitric acid with 5 or 6 parts of water in a vial; 
into this put some copper filings, and in a few moments pour off the 
liquid; it will be colorless. If now there be added some tiquid 
ammonia, another colorless fluid, the mixture becomes of an in- 
tense and beautiful blve. Hence ammonia is a most delicate test 
for the presence of copper, with which it strikes a deep blue cokir. 
.See *p. 187. 

26. Put into a vial of pure water a few drops of the tincture of 
nut galls, made by steeping the galls in water ; into another vial of 
pure water put a ^rain or two of the sulphate of iron. If these col- 
orless fluids are mixed; they instantly become black. Tincture of ^alls 
is a most delicate test for the presence of iron, with which it strikes 
a black. These two substances form the basis of ink. See p. 187. 

27. Take two small glass jars, or tumblers, and fill one with car- 
bonic add gas^ and the other with oxygen gas. Have them set up- 
right with a cover on each. If a lighted taper be plunged into the 
vessel containing the carbonic acid, it is extinguished instantly ; hot 
if it is immediately plunged into the other jar containing the oxy- 
gen, it is as instantly lighted with a sort of explosion. See p. 236. 

28. Put eight or ten grains of oxy muriate of potash into a tea-cup, 
and then pour in two or three drachms of alcohol. — If now about 
two drachms of sulphuric acid is added, the mixture begins to dart 
forth little balls of blue fire, and in a minute or two the whole bursts 
into flame. The alcohol is inflamed by the chlorine which is set 
free from the salt, in consequence of the combination which takes 
place between the potash and the sulphuric acid. See p. 236. 

29. Into a glass tube half an inch or an inch wide, two or three 
inches long, with a bulb at the end, put a grain or two of iodine. 
Warm the tube, (but not at that part where the iodine is,) and im- 
mediately cork it tight; the tube remains colorless, there being 
only a few little specks ^ere and there. If at any time the tube be 
warmed at that part where the iodine is, it is instantly filled with a 
gas of a moat beautiful violet color. If care is taken to keep the 
&be. well closed, so that the iodine does not escape, when it takes 
<he fonh of gas, this eflfect will always be produced whenever the 
tube is warmed. A tube with two bulbs, like what is called a puiu 
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CUtss^ containing the iodine hermetically sealed, woald be better, 
uch a little apparatus would be quite a curiosity to those who know 
nothing of the nature of iodine. See p. 238. 

30. Write on paper with a solution of the nitrat of silver, taking 
care not to have it so strong as to destroy the paper. So long as it 
is kept in the dark, or, if the paper be closely folded, the writing re- 
mains invisible ; but on exposure to the rays of the sun the characr 
ters turn yellow, and finalljr black, so that they are perfectly legible. 

Mr. Accum says, that this change of color is owing to the partial 
reduction of the oxyde of silver, from the light expelling a portion 
of its oxygen : the oxyde therefore approaches to the metallic state ; 
for when the blackness is examined with a deep, or powerful mag- 
nifier, the particles of metal may be distinctly seen. 

31. Write on paper with a dilute solution of common sugar of 
lead ; the writing will remain invisible. But on moistening the lines 
with a pencil, or feather dipped in water impregnated with sul- 
phuretted hydrogen, .the metal is revived, and the Tetters appear in 
metallic brilliancy. 

The author above cited, says, that in this instance, the hydrogen 
of the sulphuretted hydrogen gas, abstracts the oxygen from the ox- 
ide of lead, and causes it to re-approach to the metallic state; at 
the same time, the sulphur of thensulphuretted hydrogen gas com- 
bines with the metal thus regenerated, and converts it into a sul- 
phuret which exhibits the metallic color. 

32. Write on paper with a solution of the sulphate of copper. If 
this is strong, the writing will be of a faint groen color : if weak, 
the characters are invisible. On holding the paper over a vessel 
containing some liquid of ammonia, or if ^t be exposed to the action 
of this gas in any other way, the writing assumes a beautiful blue 
color. On exposing the paper to the sun, the color disappears, be- 
cause the ammonia evaporates. 

"33. Put a small piece of phosphorus into a crucible, cover it close- 
ly with common chalk, so as to fill the crucible. Let another cru- 
cible be inverted upon it, and both subjected to the fire. When the 
whole has become perfectly red hot, remove them from the fire, and 
when cold, the carbonic acid of the chalk will have been decom- 
posed, and the Black Charcoal, the basis of the acid, may be easily 
perceived amongst the materials. 

34. Into a large glass jar inverted upon a fiat brick tile, and con- 
taining near its top a branch of fresh rosemary, or any other such 
shrub moistened with water, introduce a fiat, thick piece of heated 
iron, on which place some gum benzoin in gross powder. The ben- 
zoic acid, in consequence of the heat, will be separated, and ascend 
in white fumes, which will at length condense, and form a most 
beautiful appearance upon the leaves of the vegetable. This will 
serve as an example of Sublimation. 

35. Mix a little acetate of lead with an equal portion of sulphate 
of zinc, both in fine powder; stir them together with a piece of 
glass or wood, and no chemical change will be perceptible ; but if 
they be rubbed together in a mortar, the two solids will operate on 
each other; an intimate union will take place, and a fluid will be 
produced. If alum or Glauber salt be used instead of sulphate of 
zinc, the experiment will be equally successful. 

36. If the leaves of a plant, fresh gathered, be placed in the suiiy 
▼ery pure oxygen gas may be collected. 
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37. Put a little fresh calcined magnesia in a tea-enp iipoa tlie 
Iwarth, and suddenly pour over it as much concentrated sulphniie 
acid as will cover the magnesia. In an instant sparks will be thrown 
•at, and the mixture will become completely ignited. 

^. If a few {)ounds,of a mixture of iron filings and sulphur be 
made in paste with water, and buried in the ground for a few hours, 
the water will be decomposed with so much rapidity^ that combus^ 
tien and flame will be the consequence. 

39. For want of a proper ^lass vessel, a table spoonful of ether 
may be put into a moistened bladder, and the neck of the bladder 
dosely tied. If hot water be then poured upon it, the ether wiU 
expand, and the bladder become inflated. 

40. Procure a phial with a glass stopper accurately ground into 
k; introduce a few copper filings, then entirely fill it with hqnid 
anunonia, and stop the phial so as to exclude all atmospheric air. 
If left in this state , no solution of the copper will be effected . But if 
the bottle be afterwards left open for some time, and then stopped, 
the metal will dissolve, and the solution will be colorless. Let the 
stopper be now taken out, and the fluid will become blue, beginning 
at the surface, and spreading gradually through the whole. If this 
blue solution has not been too long exposed to the air, and fresh 
copper filings be put in, again stopping the bottle,, the fluid will once 
more be deprived of its color, which it will recover only by the re- 
admission of air. These efl^ts may thus be repeatedly produced. 

41.. If a spoonful of good alcohol and^^little boracic acMi be stir- 
red together in a tea-cup, and then set on fire, they wiH produce a 
beautiful green flame. 

42. Alloy a piece of silver with a portion of lead,, place the* alloy 
mpon a piece of charcoal, attach a blow-pipe to a gasometer, charg- 
ed with oxygen gas, light the ehajooal first with a bit of paper, and 
keep up the heat by pressing upon the machine. When the metals 
get into complete Kiaion, the lead will begin to bum, and very soon 
will be all dis^sipated in a white smokQ, leaving the silver in a state 
of purity. This experiment is designed to show the fixity of the 
noble metals. 

43. Burn a piece of iron wire in a deflagrating jar of oxygen. gas, 
and sofier it to bum till it goes out of itself. Ifa lighted wax taper 
be now let down into the gas, this will bum in it for some time, and 
then become extinguished. If ignited sulphur be now introduced 
this will also burn for a limited time. Lastly introduce a morsel of 
phosphorus, and combustion will ako follow in liko manner. These 
experiments show the relative combustibility of di&rent substances. 

44. Drop a piece of phosphorus, about the size of a pea,, into a 
tumbler of hot water, and from a bladder, furni&hed with, a stop 
cock, force a stream of oxygen gas directly upon it. This will af- 
ford the most briUiant combustion under water that can be imagined. 

45. Take an amalgam of lead and mercury, and another amal- 
gam of bismuth, let these two solid amalgams be mixed by tritnre, 
and they will instantly become fluid. 

46. Into distilled water drop a httle spirituous solution of soap, no 
chemical effect will be perceived ; but if some of the same solution 
be added to hard water, a milkiness will immediately be produced, 
more or less, according to the degree of its impurity. This is a 
good method of ascertaining the purity of spring water. 
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47. To silver, copper or brass. — Clean the article intended to be 
silvered) by means of dilate nitric acid, or by scouring it with a 
mixture of common salt and alum. When it is perfectly bright, 
moisten a little of the powder, known in commerce by the name of 
silverinff powder ^ with water, and rub it for some time on the per- 
fectly clean surface of copper, or brass, which will become covered 
with a coat of metallic silver. It may afterwards be polished with. ' 
soft leather. 

The silvering i)owder is prepared in the following manner : Dis- 
solve some silver in nitric acid, and put pieces of copper into the so- 
lution : this will throw down the silver m '^ state of metallic powder. 
Take fifteen or twenty grains of this powder, and mix with it two 
drachms of acidulous tartarite of potash, the same quantity of com- 
mon salt, and half a drachm of alum. Another method : Precipi> 
tate silver from its solution in nitric acid by copper, as before ; to 
half an ounce of this silver, add common salt and muriate of ammo- 
nia, of each two ounces, and one drachm of corrosive sublimate ; 
rub them together, and make them into a paste with water. With 
this, copper utensOs intended to be silvered, that have been previ- 
ously boUed with acidulous tartarite of potash and alum, are to be 
rubbed ; after which they are to be made red hot and polished. 

48. To prove that the air of the atmosphere always contains ca«- 
bonic acid.« This may be shown by simply pouring any quaptity of 
barytic water, or lime water, repeatedly from one vessel into an- 
other. The barytic water when deprived, of the contact of air, is 
perfectly transparent ; but it instantly becomes milky, and a white 
precipitate, which is carbonate of barytes, is deposited, when 
brought into contact with it for a few minutes only. 

The quantity of carbonic acid contained in the atmosphere, sel- 
dom varies except in the immediate vicinity of places where respi- 
ration and combustion are going on in the large way, and is about 
one hundredth part. 
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Abso&bkitt Tessels, 298 
Absorption of caloric, 40, 45 
Acetic acid, 252, 253 
Acetous fermentation, 267 

acid, 253 
Acidulous gaseous mineral wa- 
ters, 226 

salts, 254 
Acids, 202 
Aeriform, 31 
Affinity, 23, 174 
Agate, 195 
Agriculture, 274 
A&,95 
Albumen, 287 
Alburnum, 283 
Alchemists, 15 

Alcohol, or spirit of wine, 259 
Alembic, 127 
Alkalies, 181 
Alkaline earths, 182, 194 
Alloys, 162 
Alum, or sulphatof alumine, 196 
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Alumine, 196 "^^^ 

Aluthitfm^ 19 t^ 
Amalgam, 163 ' ' ' • 
Ambergris, 320 
Amethyst, 197 

Amianthus, 201 • -^ 

Ammonia,l)iTttktnea]kaIi, 169; 
181,188 ^^ ♦•#»aC 
Am&niacalgas, 188 

\ "how obtained, 191 
Analysis,* 138 

of vegetables, 241 
Animals, 288 
Animal acids, 292 

colors, 294 

heat, 311 

oU, 292 
Animalization, 287, 295 
Antidotes^9l *, 

Antmiony,20 ^ ^ • ; 
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Aqua regia, 160 
Arrak, 262 
Argand's lamp, 107 
Arsenic, 20 163, 165 
Arteries, 298 
Arterial blood, 306, 308 
Asphaltum, 270 
Assafoetida, 249 
Assimilation, 297 
Astringent principle, 353 
Atmosphere, 61, 95, 108 
Atmospherical, air, 95 
Attraction of aggregation, or oo> 

hesion,21, 171 
Attraction of oompositioB,. 23. 

171 
Azote, or nitrogen, 214 
Aaotic gas, 95 

B 

Balsams, 249 
Balloons, 122 
Bark, 282 
Barytes, 192, 197 
Basis of adds, 204 
n ga8e^30 
salts, 172 S 

lenzoie licid, 204^53 

Bile, 303 

Birds, 297 
s^ Bismuth, 20 

"Bitumens, 270 
^laek lead, or plumbago, 145 

Bleaching, 210 

Blow-pipe, 140, 153 

Blood, 303, 305 

Blood-vessels, 309 

Boiling water, 67 

Bombic acid, 292, 904 

Bones, 295 

Boracie acid, 204, 296 

Boradum, 19, ^7 

Borat of soda, 9fl 

Brandy, 261 ^ -•X 

Bia»,ie9 ^^ 
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Bread, 2!^ 
Bricks, 197 
Brittle ijnetalB, 90 
Bronze, 163 
Butter, 318 
Butter-milk, 3}8 



Calcareous earths, 234 
stones, 223 
Calcium, 20 

Caloric, 39 

absorption of, 46 
conductors of, 48 
, combined, 69 
expensive power of, 30,31 
equilibrium of, 39 
reflection of, 46 
radiation of, 40, 43 
solvent power of, 59 
capacity for, 70 

Calorimeter, 83 

Calx, 102 

Camphor, 240 

Camphoric acid, 204, 953 

Caoutchouc, 240, 249 

Carbonate, 226 

Carbonat of ammonia, 290 
lead, 150 
lime, 199 
magnesia, 201 
potash, 184 

Carbonated hydrogen gas, 144 

Carbon, 137 

Carbonic acid, 142 

Carburet of iron, 145 

Carmine, 294 

Cartilage, 297 

Castor, 321 

Cellular membrane, 300 

Caustics, 164 

Chalk, 199, 226 

Charcoal, 137 

Cheese, 320 

Chemical attraction, 91 

Chemistry, 13 

Chest, 305 

China, 197 

Chlorine, 18 

Chrome, 20 

Chyle, 298 

Chyme, 303 

Citric acid, 204. 953 

Circulation of the blood, 905 

CiTety 391 



Clay, 38 
Coke, 270 
Coal, 270 
Cobalt, 20 
Cochineal, 274 
Cold, 40 

from evaporation, 80 
Colors of metallic oxyds, 151 
Colnmbium, 20 
Combined Caloric, 69 
Combustion, 99 

volatile products of, 107 

fixed products of, 107 

of alcohol, 263 

of ammoniacal gas, 188 

of boracium, 227 . * 

by oxy-muriatic add, or 
chlorine, 231 

of carbon, 140 

of coals, 119, 145 

of charcoal, by nitric acid, 
215 

of candles, 118, 147 

of diamonds, 140 

of ether, 266 ^ 

of hydrogen, 109, 116 

of iron, 105 

of metals, 159 

of oils, 147 

of oil of turpentine by ni- 
trous acid, 215 

of phosphorus, 133 

of sulphur, 128 

of potassium, 168 
Compound bodies, 17 

or neutral salts, 189 
Conductors of heat, 44 

solids, 50 

fluids, 51 
Count Rumford's theory, 51 
Constituent parts, 17 
Copper, 20, 165 
Copal, 249 
Cortical layers, 282 
Cotyledons, or lobe, 278 
Cream, 318 

Cream of tartar, or taitrit of pot- 
ash, 263 
Cryophorus, 82 
Crystallization, 159 
Cucurbit, 127 
Culinary heat, 55 
Curd, 319 

Cuticle, or epidennifl, 300 
Cyanogen, 993 
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Decomposition, 16 

of atmospherical air, 96, 
100 

of Water, by the Yolatic 
battery, 113 

of salts by the Yolatic bat- 
tery, 179 

of water by metals, 113 
by carbon, 144 

of vegetables, 354 

of potash, 168 

of soda, 169 

of ammonia, 169 

of the boracic acid, 827 

of the fluoric acid, 238 

of the muriatic acid, 239 
Deflagration, 221 
Definite proportions, 177 
Deliquescence, 211 
Detonation, 115, 133 
Dew, 63 
Diamond, 128 
Diaphragm, 304 
Digestion, 303 

Dissolution of metals, 87, 157 ' 
Distillation, 127, 208 

of red wine, 261 
Divellent forces, 176 
Division, 16 
Drying oils, 246 
Dyeing, 250 

E 

Earths, 181 
Earthen ware, 197 
EflTervescence, 157 
Efflorescence, 211 
Elastic fluids, 31 
Electricity, 86, 90, 92 
Electric machine, 88 
Electro-magnetism, 94 
Elective attraction, 174 
Elementary bodies, 17 
Elixirs, tinctures, or quintescen- 

ces, 263 
Enamel, 197 
Epidermis of vegetables, 282 

of animals, 300 
Epsom salts, 201 
Equilibrium of caloric, 39 
Essences, 147, 847 
Essential or volatile oils, 147,247 
Ether, 65, 205 
Evaporation, 61 , 



Evergreens, 286 
Eudiometer, 134 
Expansion of caloric, 30 
Extractive coloring matter, 250 



Falling stones, 161 
Fat, 318 
Feathers, 296 
Fecula, 244 
Fermentation, 356 
Fibrine, 287, 292 
Fire, 16, 26 
Fish, 316 

Fixed air, or carbonic acid, 140 
233 

alkalies, 121 

oils, 146, 245 

products of combustion, 106 
Flame, 119 
Flint, 185, 195 
Flower of blossom, 384 
Fluoric acid, 228 
Fluorium, or Fluorine, 28, 229 
Formic acid, 292 
Fossil wood, 271 
Frankincense, 249 
Free or radiant <^oric, or heat 

of. temperature, 29 
Freezing mixtures, 77 

by evaporation, 65, 80 
Frost, 62 
Fruit, 285 
Fuller's earth, 196 
Furnace, 146, 150 

G 

Galls, 253 

Gallat, of iron, 213 

Gallic acid, 213, 353 

Galvanism, 85 

Gas, 95 

Gas-lights, 120 

Gaseous oxyd of oaibon, nitro- 
gen, 142, 217 

Gastric juice, 302 

Gelatine, or jelly, 387, S88 

Germination, 277 

Gin, 262 

Glands, 295, 299 

Glass, 185 

Glauber's salts, or ftolphM of 
soda, 184 

Glazing, 197 

Glucium, 19 



Glae, 189 
Gluten, 244 
Gold, 20, 160 
Gum, 242 

arable, 232 

elastic, or caoutcliouc, 240 

resins, 249- 
Gunpowder, 221 
Gypsum, or plaster of Paris, or 
sulphat of lime, 212 

H 

Hair, 289 

Harrogate water, 132 

Hartshorn, 188, 190 

Heart, 305 

wood, 283 

Heat, 26 

of capacity, 71, 74 
of temperature, 29 

Honey, 244 

Horns, 289 

Hydro-carbonat, 124, 145 

Hydrogen, 109 

gas, 110 

I&J 
Jasper, 195 
loe, 83 
Jelly, 289 
Jet, 270 
Ignes fatui, 135 
Ignitipn, 68 

Imponderable agents, 18 
Inflammable air, 109* 
Ink, 213 
Insects, 254 
Integrant parts, 17 
Iodine, 109, 237 
Iridium, 20 
Iron, 20, 150, 161 
Isinglass, 289 
Ivory black, 294 



Kali, 187 
Koumiss, 320 



Lac, 321 

Lactic acid, 292, 320 

lAkes, colors, 250 

Lamp without flame, 107, 322 

Latent heat, 73 

Layender water, 263 



Lead, 20, 151, 156 
Leather, 25l, 291 
Leaves, 280 
Life, 239 
Ligaments, 296 
Light, 18 
Lightning, 215 
Lime, 198 
Lime water, 199 
Limestone, 198 
Linseed oil, 246 
Liqueurs, 263 
Liver, 299 
Lobes, 278, 309 

Lunar caustic, or nitrat of (di- 
ver, 164, 222 
Lungs, 307, 309 
Lymph, 298 
Lymphatic vessels, 293 

M 

Magnetic, needle, 94 

Magnesia, 201 

Magnium, 19 

Mafic acid, 204, 253 

Malt, 258 

Malleable metals, 20 

Manganese, 20, 150 

Manna, 241 

Manure, 274 

Marble, 226 

Marine acid, or muriatic add, 229 

Mastic, 249, 263 

Materials of animals, 287 

of vegetables, 239 
Mercury, 20, 162 

new mode of freezing, SZ, 
163 
Metallic acids 160 

oxyds, 150 
Metals, 149 
Meteoric stones, 161 
Mica, 201 
Milk, 288, 299 
Minerals, 150 
Mineral waters, 143 

acids, 203 
Miner's lamp, 125 
Mixture, 60 
Molybdena, 20, 160 
MordaQt, 250 
Mortar, 201 
Mucilage, 241 
Mucous acid, 204, 241 

membrane, 300 
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Mnratic add, or maiine add, 

239 
Muriats, 234 
Mariat of ammonia, 188, 237 

lime, 78 

soda, or common salt, 
187,234 

potash, 235 
Mariatum, 19 
Muscles of animals, 295 
Musk, 321 
Myrrh, 249 



Oxalic acid, 204, 253 

Oxyds, 102, 157 

Oxyd of manganese, 105 

iron, 102 

lead, 151 

sulphur, 201 
Oxydation, or oxygenation, 157 
Oxygen, 18, 129 

gas, or vital air, 95 
Oxy-muriatic acid, 230 
Oxy-muriats, 235 
Oxy-muriat of potash, 225 



N 
Naphtha, 270 

Negative electricity, 25, 84, 88 
Nerves, 299 

Neatral, or compound salts, 202 
Nickel, 20, 161 
Nitre, or nitrat of potash, of salt^ 

petre, 215, 224 
Nitric acid, 214 
Nitrogen, or azote, 96 

^as, 96 
Nitro-munatic acid, or aqua regia, 

160 
Nitrous acid gas, 217 

air, or nitric oxyd gas, 
218 
NitraU, 221 
Nitrat of copper, 166 

ammonia, 219, 221 
potash, or nitre, or saltpe- 
tre, 215 
silver, or lunar caustic, 
222 
'Nomenclature of acids, 202 

compound salts, 172 
Nomenclature of other binary com- 
pounds, 135 
Nut-galls, 213 
Nut-oil, 245 
Nutrition, 295 



Ochres, 151 • 

Oils, 146, 247 
Oil of amber, 271 

vitriol, or sulphuric acid, 
206 
Olive-oil, 245 
Ores, 150 

Organized bodies, 239 
Organs of animals, 299 
vegetables, 239 
Osmium, 20, 163 



Palladium, 20, 163 
Papin's digester, 290 
Parenchyma, 277, 283 
Particles, 21 
Pearl-ash, 183 
Peat, 271 

Peculiar juice of plants, 283 
Perfect metals, 20, 153 
Perfumes, 247 
Perspiration, 310 
Petrifaction, 269 - 
Pewter, 162 
Pharmacy, 14 
Phosphat of lime, 213 
Phosphoretted hydrogen gas, 

135 
Phosphorescence, 28 
Phosphoric acid, 213 
Phosphorus, 132 

acid, 213 
Phosphoretof lime, 135 

sulphur, 136 
Pitch, 248 
Plaster, 201 
Platiua, 20, 153 
Platina ignited by a lamp wilh- 

out a fiame, 322 
Plating, 162 

Plumbago, or black lead, 161 
Plumula, 278 
Porcelain 197 

Positive electricity, 25, 84, 88 
Potassium, 168 
Pottery, 197 
Potash, 182 
Precipitate, 24 
Pressure of the atmosphere, 67, 

68 
Printers' Ink, 232 
Prussiat of iron, or Prossiaii 
bine, 294 
potash 293 
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Prassic acid, 293 
Patrid fermentation, 268, 321 
Pyrites 212, 161 
Pyrometer, 32 



Quicklime, 198 
Quiescent forces, 176 



Radiation of caloric, 89 

Prevost's theory, 40 
Pictet's explanations, 4 
LesIie^s illustrations, 44 

Radicals, 202, 206 

Radicle, or root, 278 

Rain, 62 

Rancidity, 246 

Rectification, 262 ' 

Reflection of caloric, 40, 44 

Reptiles, 317 

Resins, 248 

Respiration, 300, 303 

Reviving of metals, 156 

Rhodium, 20, 163 

Roasting metals, 150 

Rock crystal, 195 

Ruby, 193 

Rum, 261 

Rust, 150, 155 



Saccharine fermentation, 257 
Sal ammoniac, or muriat of an^ 
monia, 188 
polychrest, or snlphat of pot* 
. ash, 210 

volatile, or c&rbonat of ammo- 
nia, 190 
Salifiable basis, 172 
Salifying principles, 172 
Saltpetre, or nitre, or nitrat of 

potash, 220 
Salt, 210 
Sand, 195 
Sandstone, 195 

Sap of plants, 257, 241, 283 ' 
Sapphire, 193 
Saturation, 60 
Seas, temperature of, 54 
, Sebacic acid, 246 
Secretions, 292 
Seeds of plants, 258, 285 
Seltxer water, 143, 200 
Senses, 300 
Silex, or ailida, 196, 191 



Siliciom, 19 
Silk, 321 
Silver, 153 
Simple bodies, 18 
Size, 289 
Skin, 288 

Slacking of limis, 300 
Slate, 196 

Smelting metals, 150 
Smoke, 107 
Soap, 183 
Soda, 187, 169 

water, 143 
Sodium, 19, 169 
Soils, 273 
Soldering, 162 
Solubility, 211. 
Solution, 58 

by th^ air, 61 

of potash, 1% 
Speicific heat, 70 
Spermaceti, 320 
Spirits, 261 
Spirit lamp, 364 
Statrch-sugar, 248 
Steam, 68, 76 
Steel, 146 
Stomach, 302 
Stones, 193 
Stucco, 201 
Strontites, 201 
Strontium, 19 
Suberic acid, 204, 253 
Sublimation, 127 
Sucein, or yellow amber, 871 
Succinic acid, 204, 253 
Sugar, 240, 259 

of milk, 319 
Sulphats, 211 
Super-oxygenated sulphnrie 

Sulphat of alumine, «r alunij 
196, 212 
baiytes, 198 
iron, 212 

lime, or gypsum, or plan- 
ter of Paris, 212 
magnesia, or Epsom salt, 

201, 212 
potash, or sal polychrest, 

210 
soda, or Glauber's salts, 
21 
Sulphur, 126 

flowers of, 127 
Snlpbaretted hydrogen gaa, 131 
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Sulplmiets, 160 
Snlphoreoiis acid, 190, 908 
Snli^uiie add, 207 
Sympathetic iiik, 105 
Syntiieaia, 138 



Tan, 351 

Tannin, 351 

Tar, 348 

Tartarooa acid, 353 

Tartritof potash, 354 

Teeth, 306 

TeUorinm, 30 

Teniperataie,.30 

Thaw, 85 , ^ 

Thennometers, 34, 35 
Fahrenheit's, 34 
Reaumur's, 34 
Centrigrade, 34 
air, 35 
diffinrential, 36 

Thunder, 133 

Tin, 30 

Titanium, 30, 163 

Turf, 370 

Turpentine, 173 

Transpiration of plants, 370 

Tungsten, 30, 160 



\rapor, 68, 76, 366 
Vaporization, 61 
Varnishes, 340 
Vegetables, 338 
Vegetable add, 340, 148 

colors, 350 

heat, 385 

oils, 344 
Veins, 301, 306 
Venous blood, 306, 306 
Ventrides, 307 



Verdigris, 165 

Ves8e&,308 

Vinegar, 367 

Vinous fermentation, 358 

Vital air, or oxygen gras, 96 

Vitriol, or sulphat of iron, 306 

Volatile oils, 340, 344, 347 

products of combustion 

106 
alkali, 181, 188 
Voltaic battery, 86, 149, 153, 166, 
179 

U 
Uranium, 30 ' 

W 

Water, 100, 113 

decomposition of, by 

tridty, 113 
of the sea, 54 
condensation of, 54 
boiliug, 58 
solution by, 58 
of crystallization, 159 

Wax, 330, 345 

Whey, 318 

Wine. 368 

Wood, 383 

Woody fibre, 340, 353 

Wool, 396 



Teast, 367 
Yttria, 193 
Yttrium, 19 
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Zicomia 193 
Zincomium, 19 
Zoonicadd,304, 398 
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